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THE DERMATOMES IN MAN, 


THE nervous tem preserves more than any other part of the 


human bo the cinal division of the embryonic tube into metameres. 

The spinal cord livided in segments, each segment being provided 

with a pair of ant nd posterior roots ‘he area of skin which is 
lied by t fibres of a tain spil root is called a dermat 


The sku nnervated | the posterior roots as well as by the 


unterio} 5 f er carry the afferent sensory fibres and efferent 


fibres subserving v il "he nterior 1 ts carry eflerent motor, 

sud l fic, } l! Lol und VasSoOocol bi bol fibres. ind also tlerent sensory 
t t | } la ] +} } ¢ 1 

fibres In this | ire I shall de é isively with the fibres passing by 


There exist two different met is for the determination of the area 


f skin subserved | 1 certain posterior spinal root, the anatomica 
t/ f na the t ) / 
The anatomi metl ised first by Herringham and later chiefly 


by bolk, consist n f wing up the fibres of one single root by 
anatomical dissection through the plexus and the peripheral nerves into 
the skin Fic. 1 shows the second, third and fourth cervical derma 
tomes as outlined by Bolk by this method, and fig. 2 the areas of the 
roots supplying the arm, that is the fifth, sixth, seventh and eighth 
cervical and the first and second thoracic roots Kach of these derma- 
tomes occupies a different area and these show very little or no overlap. 

It is obvious that this method, used by Bolk, has the disadvantage 


that by anatomical dissection it is impossible to follow the terminal and 


he s t { é ! ! n | ire delivered at the 
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finest ramifications of the sensory nerves in the skin The areas out- 
lined by it certainly show the shape and the position of the dermatomes, 
but not their full extent 


To Sir Charles Sherrington we owe our knowledge of the complete 
topography of the dermatomes in the monkey. The method used by 
him, and called the method of ‘‘ remaining sensibilit r the ** isolation 
method,’ consists in dividing a series of contiguous roots above and 
below a single root which is preserved The area of the skin, the 
sensibility of which is preserved after this procedu represents the 


sensory dermatome of the intact root 





‘ie 3 demonstrates the second, third and fourth cervical dermat 
of the monkey these veria to ich rv degre that the trea of the 
third cervical root is supplied to its full extent | the second and the 
fourth cervical roots 

\ similar condition exists in the upper extremity (fi f The fifth 
cervical dermatome, for instance, overlaps with the third and fourth on 
the one hand and with the sixth and the seventh on the other. The 


amount of the overlap of the different dermatomes so considerable 


that division of a single root produces no loss of sensibilit 


Another physiological method for the definition of the dermatomes 
is based upon local strychnine intoxication of the posterior roots \fter 
segmental application of strychnine to the dorsal surface of the cord a 


sharply circumscribed skin field becomes hyperexsthesic, as Dusser de 





Barenn S strated The hyperesthetic area is identical in 
sha t tent with the dermatomes defined by the isolation 
method th la degree of overlap of adjacent dermatomes 
upparent 

Our k the dermatom«e n man is chiefly based upon th 

vork ol He 1, wh ected a larg umber of cases ol 

erpetic ¢ rt lerpe ipposed to be an inflammatory lesion of 

, en 
/ 
v\ oF} 
Is 
\\ 
\ 

( pinal ne producing an ption pon tre skin 1n the 

responding tal Ss are Head also contributed valuable informa 
tion on tl man | itlining care the rders of 
t hype ( reas In V ral disease nd the distribution of 
inwstl tl I rd and the la ¢ una Ln 
lead’s sel 1s ureas overlap ry ttl ind 
n this re not ni m the results « experin ntal 
physiolog H s discrepancy to be explained Do monkeys 
and men fe each other so much in regard to such a 
fundament G n as metamet 


OMES 


IN MAN 
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[ have had the opportunity of defining a great number of derma- 
tomes in man by exactly the same method as that used by Sherrington, 
that is by outlining the borders of the sensibility which remains alter a 
large number of contiguous roots have been divided, and a single root 
in the middle of them has been left intact. I need not discuss here the 
circumstances under which such a selected procedure may be undertaken. 


By this method I have been able to define all dermatomes of the lower 





extremity and one dermatome of the upper extremity, namely the sixth 
cervical. In order to fill up the gap and to define the other cervical 
and the thoracic dermatomes we can use a method which I should like 
to call ‘‘ the constructive method.’ It is obvious that when a series of 
contiguous roots is divided, the superior border of the resulting 
anesthesia represents the inferior border of the dermatome which 
corresponds to the next higher intact root, while the inferior border of 
the anesthetic area represents the superior border of the next lower 
dermatome. by such observations I have been able to map out nearly 
all dermatomes in man 

The other method which I have used for the definition of dermatomes 
is based upon the fact, first demonstrated by Stricker and Bayliss on 


animals, that faradic stimulation of the distal part of a divided posterior 
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root is followed by vaso-dilatation. I have found the same in man. |] 
have also observed that the vaso-dilatation following the electrical stimu- 
lation of a single posterior root is limited to a sharply circumscribed 
area similar in shape and situation to the dermatome as defined by 
means of the isolation method. 

I have obtained vaso-dilatation by stimulation of nearly all cervical, 
thoracic, lumbar and sacral posterior roots. The area of vaso-dilatation 
resulting from the electrical stimulation of a single posterior root is not 
absolutely identical with the area of remaining sensibility ; it is smaller 
und approximates in its extent much more to the area of herpetic 
eruption mapped out by Head 

lor a long time it has been an open question whether the vaso- 
dilatation following faradic stimulation of a posterior root 1s due to 
antidromic conduction along the afferent nerve-fibres, as Bayliss believed, 
or whether it is the effect of stimulation of efferent fibres arising in the 
cord and passing outward by the posterior roots In eight cases in 
which I had divided posterior roots in men we found a number of 
myelinated fibres preserved in the central part of the divided root. The 
root resection was performed in one of my cases five years before death 
fig. 6), and in another four and a half vears before death. The fact that 
fter the root had been totally divided proves 
that their ganglion cells do not lie in the spinal ganglia but in the cord, 
ind that these fibres are really efferent The calibre of these fibres is 


very fine as compared with the thick myelinated sensory fibres of the 


posterior root (figs. 7 and 8 The results of these anatomical investi- 
gations prove, I believe, that the posterior roots carry, in addition to 
sensory fibres, efferent fibres and it seems to me admissible to assum 
that the vaso-dilatation following the electrical stimulation of a posterion 


root is the result ot the stimulation of these efferent fibres 


After this short review of the methods of defining the dermatomes 
in man I sha lescribe the special dermuatomery I begin with the 
dermatomes f the lower extrem 

AN] Sa \] 1) RMATOMI 
First lu ur dermatome he first lumbar dermatome, that is th 


urea of sensibility which remains after the eleventh and twelfth thoracic 
and the second to the fifth lumbar and all sacral roots having been 
divided, the first lumbar root alone being left intact, occupies the inferion 


1 


part of the abdomen and the upper part of the anterior and lateral 
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surfaces of the leg \t the dorsal side it forms a band, which reaches 
the spine of the fifth lumbar vertebra (figs. 9 and 10 This area of 
remaining sensibility is very similar to the area outlined by Head (fig. 5 

but exceeds it to some extent, especially above its superior border. ‘The 
extent of the herpetic eruption in a case of herpes of the first lumbar 


ganglion is shown in fig. 11 





Fics.9 a r i I remalt I ya r 
] é ira l th icrai I 
The constructive method define the sam borders for the first 
lumbar dermatome In a case in which the eighth, ninth, tenth, 


eleventh and twelfth thoracic roots were resected, the inferior border of 
the anzsthesia, shown in fig. 12, represents the superior border of the 
first lumbar dermatome; it conforms to the superior border of the 
remaining sensibility in the case described above In another case, in 
which the second, third, fourth and fifth lumbar and all sacral roots were 


divided, the superior border of the anwsthesia shown in figs. 13 and 14 
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was practically identical with the inferior border of the remaining sensi- 
bility in the case illustrated in figs. 9,10. In a case of division of the 
second and third lumbar roots the superior border of the anesthesia was 
similar to that of the preceding cases on the anterior aspect of the leg, 
but on the posterior aspect there was no anesthesia, the sacral roots 
having been left intact fios. 15, 16 
Second lumbar dermatome was defined by the isolation method in a 
case in which the twelfth thoracic and the first lumbar, as well as the 
third, fourth and fifth lumbar and all sacral roots were divided (fig 1% 





[t lies chiefly on the anterior aspect of the thigh, but there is also a 
small band on the dorsum of the trunk which is not continuous with 
the main area upon the anterior surface of the leg (fig. 18 We find 
exactly the same distribution in Head’s scheme (fig. 5 


The constructive method demonstrates the same borders for the 
second lumbar dermatome. In a case in which the third, fourth and 
fifth lumbar roots and the first sacral root were divided, the superior 
border of the anesthesia corresponds to the inferior border of the second 
lumbar dermatome (fig. 19), and in a case of resection of the eleventh 
and twelfth thoracic and the first lumbar roots the inferior border of 
the anesthesia represents the superior border of the second lumbar 


dermatome (fig. 20 
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Third lumbar dermatome.—The third lumbar dermatome was out- 


lined by the isolation method on the other leg of the same patient as 


the second lumbar dermatome (fig. 17 On comparison of the legs 
the great extent of overlap becomes evident he third lumbar derma- 
tome has a characteristic shape; a central part around the knee, an 


upper prolongation along the anterior and internal surface of the thigh, 
and an inferior strip or band along the inner side of the leg reaching 
below as far as the internal malleolus. There ts also a small band on 


the dorsal aspect of the trunk, which is not in continuity with the main 





area upon the wer limb (fig. 18 lig. 21 shows the third lumbar 
dermatome in another case. On comparing these cases it is seen that 
the extent of the same dermatome may present considerable individual 
variations. It is noteworthy that in the case represented by fig. 21 the 
first sacral dermatome, which was also defined, had an unusually large 
extension. The situation and the extent of the third lumbar dermatome 
veccording to Head is shown in fig. 5 

The constructive method confirn the results obtained by the 
isolation method In a case in which all the roots between the ninth 
thoracic and the second lumbar were divided, the inferior border ot the 
anesthetic area corresponds exactly with the superior border of the 


dermatome demonstrated above by the isolation method (fig. 22); and 





10 ORIGINAL ARTICLES AND CLINICAL CASES 





Fic. 14 


Fics. 13 and 14 I'he inferior border of the lst lumbar dermatome; resectior f 2nd 
to 5th lumbar and Ist to 5th sacral roots 





Fic. 15. Fic. 16 


Fias. 15 and 16. —The inferior border of the Ist lumbar dermatome ; resection of 2nd 
und 3rd lumbar roots 
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Figs. 17 and 18.—The 2nd lumbar dermatom«e resection of Thl12 and Ll, and L3 
S5 on the right side The 3rd lumbar dermatome; resection of Thi12, Ll and L2 


and L4 to S5 on the left l 





} 19 Fi 0 
I 19 The infer vorder of the 2nd lumbar dermatome resection of L3 to S1 
Fy 20 The superi rder of the 2nd lumbar dermatome; resection of Th1ll, 


Thi2 and Ll 
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in another case in which the fourth and fifth lumbar and all sacral roots 
were divided, the superior border of the anesthesia runs along the 


anterior side of the tibia 
upwards along the internal side of the leg (figs. 28 and 24) 


down to the internal malleolus and then 


The area of vaso-dilatation following electrical stimulation of the 





Fic. 2 Fy 2 
Fl 21 r'} 1 " mato) f relat y r rh sacra 
dermat f lar K t Resection hil to L2, 1 i S2 toS 
Fig. 22 lr) | t ! bh rd mba ‘ ! Tho to L2 


25) also coincides in situation and shape with 


third lumbar root (fig. 25 
the dermatome defined by the isolation method, but its extent is not 
quite as large as that of the area of remaining sensibility 

the anterior side of the leg, the 


y 


Fourth lumbar dermat le occupies 
internal part of the dorsum of the foot and the great toe (fig. 26 On 


the sole its border runs from between the first and second toes back- 
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wards behind the internal malleolus (fig. 27), and upwards along the 
posterior-internal side of the leg. At the level of the knee it turns for- 
wards, then bends behind the head of the fibula to the outer side of the 
lex (fig. 28) and finally returns to the dorsal aspect of the foot wher: 


it reaches the interdigital space between the hallux and the second toe. 





In the second case the situation, shape and extension of the fourth 


lumbar dermatome were almost identical (figs. 29, 30 and 381 In a 
} 


third case the extent was very similar (figs. 32 and 25 The photograph 
- | 


t 


fig 25 shows the large overlap of the fourth and the third lumbar 
dermatomes, the latter of which was outlined by the vaso-dilatation 
excited by faradic stimulation of the third lumbar root Che topography 


ff the fourth lumbar dermatome in a fourth case is shown in fig. 33 
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26. 


and 28.— The 4th lumbar dermatome 


25.—The 3rd lumbar dermatome defined by vasodilatati 
ation of 3rd posterior lumbar root. The 4th lumbar derma 
> case by remaining sensibility after resection of all lumba 
th lumbar. The continuous line ré presents the borde f t 
en line that of the 4th lumbar dermatom: 


resection 


n fol 
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[he fourth lumbar dermatome, as defined by the isolation method. 

has a markedly larger extent than Head determined. In Head’s scheme 

uded in it 

Phe tft] Mw» a)? le 


the big toe is not in 


at 


occupies the anterior side of the leg, the 
foot and of all toes (figs. 34, 


entire dorsum of the 35 and 36). The 





border runs along the outer border of the foot behind the external 
malleolus, up the leg and then turns below the head of the fibula 
the anterior aspect, from where it runs down along the internal 
f the leg to the s 


to 
side 
The dermatome occupies the medial part of the 
sole, and the plantar surfaces of the first, second and third toes, but not 
that of the fourth and fifth toes (f 


1g 4) 


The constructive method reveals the same borders for the fifth 


umbar dermatome In a case in which I resected the first, second and 
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third sacral roots, the anwsthetic area on the posterior side is shown 
in fig. 38 Its border runs along the external side of the foot, but 
the medial half of the sole and the first, second and third toes pre 


served their sensibility (fig 


An 


line indicates the limits of tactile anesthesia, the broken line that of the 


39). In this photograph the continuous 


analgesia; the extent of the latter is larger than that of the former 


This is common in cases of root resection, and corresponds with the 





fact, pointed out by Sherrington, that the tactile dermatomes are large 
than the pain dermatomes. 

The first sacral dermatome occupies the sole and the plantar surfaces 
of the toes (fig. 40) ; in some cases it extends even to the dorsal surfaces 
of the toes From the sole the dermatome spreads upwards along th« 
posterior side of the leg (fig. 41 The size and shape of the first sacral 
dermatome, as defined by the isolation method, are very similar to the 


first sacral dermatome in Head’s scheme (fig. 5 


] 


The second sacral dermatome occupies the posterior surtace of the 
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thigh and of the leg, the sole of the foot and the plantar aspects ol the 


toes (fie. 42 In another case the second sacral dermatome extended on 
to the dorsal surfaces of the toes (fig. 19 The extent of the remaining 


sensibility in my cases was considerably larger than the area of the 


second sacral dermatome in Head's scheme (fig. 5 





| have had no opportunity of defining the different thoraci 


t 


jermatomes by the isolation method, but the constructive method has 


furnished all the details necessary for determining the inferior and 
supe rior borders ol pl ictically all i them A I I] description ol 
all these sepa ite dermatomes is not necé ssar'y their distribution 


and size can be seen in the diagram which I have worked out from the 
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examination of a great number of cases of division of posterior thoracic 
roots (fig. 43). <A few details are, however, worthy of noticé 

The tenth thoracic dermatome has a typical situation around the 
umbilicus, and the superior border of the eleventh and the inferior 
border of the ninth thoracic dermatomes extend just to it he 
mamumilla lies within the fifth thoracic dermatome, and the inferio1 
border of the fourth and the superior border of the sixth reach to a 


horizontal line through it 





7 


The thoracic dermatomes, as defined by the vasodilatation excited 
by electrical stimulation of the posterior thoracic roots, conform close! 
to the areas obtained by the constructive method (figs. 12, 44, 45, 46, 47, 
tS. 49. 50 

The area of vasodilatation following faradic stimulation of the third 
thoracic root includes a triangular patch in the avxilla In the case 
represented by fig. 51 the latter was not continuous with the main area 
upon the thorax. I have found this lack of continuity of the areas of 
vasodilatation following electrical stimulation of the posterior roots in 


a good many other cases 
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In another case the triangular area in the axilla was not so large 
fig. 52); there exist undoubtedly considerable individual variations in 
t. <A similar triangular prolongation of the third thoracic dermatome 
nto the axilla is demonstrable by the constructive method, as after 


division of the first and second thoracic roots the area of resulting 





k | he 2 icral dermatom esection of Th1l to S1], and S3 to S5 


inwsthesia shows the characteristic indentation due to its prolongation 
nto the axilla (fig. 53). In another case of resection of the first and 
second thoracic roots the characteristic triangular prolongation of 
the third thoracic dermatome also is visible (fig. 54), and in another 
patient in whom the second and first thoracic, and the eighth and seventh 
cervical roots were resected, the triangular prolongation of the third 


thoracic dermatome into the axilla comes out very clearly (fig. 55). 








Sometimes this triangular prolongation of the third thoracic derma- 


tome extends even further down the arm, as in a case of resection of 


the second and first thoracic roots and the fifth to the eighth cervical 


roots reported by Head (fig. 56 In this case the triangular area of 
remaining sensibility resembles closely in size and shape the triangulai 
prolongation delimited by the area of vaso-dilatation produced by 
electrical stimulation of the third thora root, which is shown in one 


f the illustrations (fig. 51 
Lhe se d ti ret te [ 5s represented t the rea I Vaso 


dilatation excited by farad til ition of the second tl cic root, 





ccupies the inner side of the arn It exte nwards as far as 
the internal mdyle of the humerus, and it is prolonged on to the 
interior and posterior surfaces of the thorax (figs. 57, 58 In the case 
llustrated by fig. 58, vaso-dilatation reached as far as the wrist; this 


was due to the fact that the fibres of the first thoracic dermatome were 


also stimulated in consequence of an anastomosis between the second 
ind the first thoracic roots. The two bands of the second thoracic 
dermatome which extend on to the thorax from the inner side of the 
arm form a characteristic angle (fig. 58c), and consequently in all cases 
of division of the third, fourth and fifth thoracic roots the anesthesia 


includes a triangular extension into the axilla (fig. 59 
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The first thoracic dermatome, as represented by the area of vaso- 
dilatation following electrical stimulation of the first thoracic root, 
occupies the internal side of the fore-arm as far down as the wrist 
(fig. 57). Unfortunately the superior border of this dermatome could 
not be mapped out in this case, since the second thoracic root had been 
stimulated just before and the effect of this stimulation, which always 
lasts a considerable time, had not disappeared when the first thoraci 


root was stimulated 





That the second thoracic root, and probably the first thoracic root 
as well, take part in the innervation of the thorax, is demonstrated by 
the fact that after resection of the first and second thoracic roots a small 
band of anzsthesia is, in some cases, found on the thorax (fig. 60 


CERVICAL DERMATOMES 


The eighth cervical dermatome, as represented by the area of vaso- 
dilatation following electrical stimulation of the eighth cervical root, 
occupies the fifth and fourth fingers, the ulnar half of the third fingen 





bo 
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f ‘ res¢ ! Thi and Ti h th hat erist 
I he rd ra dermatom t ux N the nsiderabl 
i exter 1 and thermansthesia han that of ta 
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Fig. 54 \ stl I ing resecti f Thi and Th2 ndenta n y t rd 
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the ulnar part of the hand and to some extent the distal part of the 
fore-arm (fig. 61). The overlap of the eighth cervical dermatome on the 
fore-arm is demonstrated by a case in which the first and second thoracic 
roots had been resected ; the inferior border of the anesthesia does not 
reach as far as the wrist (fig. 62), and the sensibility preserved on the 
lower part of the fore-arm must be due to extension of the eighth cervical 
dermatome to the fore-arm Individual variations in the distribution of 


the eighth cervical dermatome exist however, for in another case of 





P 
Pd 
F , , ( 
lentatior ' } 
é 1 — 
F . 
( t H 
pt 
resection ol the first und sec ynd thoraci ! ts ilread de monstrate d 
ibove, the anmesthnesia reached list vards } the Vris 
fig 53 
I have no cases affording landmarks for the definition of the sevent] 


cervical dermatome 

The sixth cervical dermatome, outlined by the remaining sensibilit 
after resection of the first and second thoracic, and the eighth, seventh 
fifth and fourth cervical roots, « ecuples the thumb. the index finger and 


the thenar eminence, and extends up the external side of the fore-arn 
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und of the upper arm fies. 63, G64 The tactile dermatome 1s 
‘considerably larger than the pain dermatome 

In all cases in which the first, second, third, fourth and fifth cervical 


roots are divided, the inferior border of the anmwsthesia outlines a 


triangular flap below the shoulder (fig. 65 The borders of this area 
represent the superior limits of the sixth and seventh cervica 
aernh LOoMeS 

’) t lermatome, as shown by the vaso-dilatation 


following stimulation of the fifth cervical root, covers a large area It 
iches from the shoulder along the lateral side of the arm downwards 
is far as the thumb (figs. 66,67. 68). The same case demonstrates ver 


vell the large overlap of the fifth cervical dermatome with the sixth and 





seventh dermatome the first, second, third, fourth and fifth cervical 


ots were resected, but the resulti iunesthesia does not extend furthe1 


} 


lownwards tha bout 6 em. bel the shoulder; on the other har 
he fifth dermatome reaches as far as the thumb 

fourt ( il de) ton The inferior border of the area of 
vaso-dilatation following electrical stimulation of the fourth cervical 
root is shown in fig. 69 It Ip r border could not be outlined in 
this case as the skin of the neck had been coloured by a solution of 
ne In this case the first, second, third and fourth cervical roots were 
sected a 70 shows that the area of vaso-dilatation produced by 
faradic stimulation of the fourth cervical root extends much lower than 
the inferior border of the area of anwsthesia followine the resection of 


the first to fourtl ervical roots This shows clearly the amount of 
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overlap of the fourth cervical dermatome with the fifth, sixth and 
seventh cervical dermatomes and the first and second thoracic 

The constructive method confirms the result obtained by the 
electrical stimulation of the fourth cervical root In a case (figs. 71 
and 72) in which the fifth, sixth, seventh and eighth cervical, and the 


first, second and third thoracic reots were divided, the characterist 





} 


triangular area of the fourth cervical der 


| 


superior border of the resulting anmwsthes 


In a case reported by Cushing, in which the second and third cervical! 


roots were resected, the inferior border of the anwsthesia marks the 
superiol border of the fourth cervical dermatome (fig. 73 My own 
cases of resection of the second and third cervical roots demonstrate a 
similar inferior border of the anesthesia (figs. 74, 73 The analvesia 


occupies a larger area than the tactile anesthesia, that is to say the pain 
dermatome is considerably smaller than the tactile The difference 


between the extent of analgesia and that of tactile anesthesia is still 


n which the second and third cervical roots 


creater in another case 

were resected (figs. 76, 77 the area of anesthesia is exceptionally 

small, but the inferior border of the analgesia and thermanesthesia 
nforms to Cushing’s observations 





} 
D W 
; 
60 i i I ! i 
" N i hermat hesia uj} he 
The third cerv ( fermatome, as represented by the area of vaso 
lilatation following electrical stimulation of the third cervical root, is 
shown in fig. 78. It reaches upwards to the mandible, includes the eat 
In the same case the 


und extends d f ‘lavicle 
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fifth cervical root also was stimulated, and it can be seen how closely the 
two areas of vasodilatation come togethe: 

The inferior border of the third cervical dermatome was also defined 
by resection of the fifth and the fourth cervical roots (fig. 79). The case 
is interesting in as far as there was no tactile anesthesia ; the resection of 
the two roots produced analgesia and thermanwsthesia only, further 


evidence of the larger extent of the tactile than of pain and thermal 





dermatomes In another case in which the fourth, fifth, sixth, seventh 


and eighth cervical and the first to the fifth thoracic roots were resected 


the lower border of the third cervical dermatome was similar (fig. 80 


but sometimes the third cervical dermatome extended further down- 


wards, as in a case in which the fourth, fifth, sixth, seventh and eighth 
cervical and the first to the fourth thoracic roots were resected (fig. 81 
This case demonstrates again the considerable individual variations in the 
extent of a single dermatome 
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n of C5 


l and 72 lhe Iperior yrder of the anwsthesia, following resect 
to Th4 It demonstrates the inferior border of 4th cervical dermatome, 
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wy) 
tL 


rvical dermatome occupies the occiput and the submental 
roots except the 


and 


The second ce 
1 case in which all cervical 
The anesthesia involves the eat 


ls the temporal region But there 


region, as may be seen in ¢ 


s §2 SH 


second were divided (fig 


sends a triangular projection towar 








} 74 
Fics. 74 and 75 I tniesthe if wil re ( TI 
rder of the anwsthesia indicates the superior bord: f 4th ce il dermatome Note 
the much larger extent of the analgesia thar f th uct " a 


the extent of the second 


individual variations in 
roots were resected 


» in which the sam 
was left intact, the ear is partially 


exist considerable 
cervical dermatome, for in a case 
second cervical root alone 


and the 
fig. 84); on the 


other hand the loss of 


included in the anwsthesia 
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I I ) 
Fic. 78 e 3rd cervical dermatome defined by vasodilatation 
Fs 9 [he ferior rder of the 3rd ce cal dermatome defined by the superior 
rae i the ser ry following resection of C4 and C5 Note the complete absence 
A LI a 
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Fics. 82 and 83.—The 2nd cervical dermatome defined by the superior borde f the 
anwsthesia following resection of all the cervical roots ex« ept the second, 
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86. Fic. 87 


tics. 56 and di The 2nd cervical dermatome defined by the superior | rder of the 


anesthesia following resection of all the cervical roots except the second. 
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sensation, at least as far as pain sensibility was concerned, extende 


the submental region (fig. 85 In a third case of resection of all 


cervical roots except the second, the second cervical dermatome occupied 





the occiput, a large area on the neck and the submental region P 


st) Pa 


7) The distribution of the anesthesia was similar in a furthe) 


case in which the third, fourth, fifth and sixth 


cervical roots 
divided: here the second cervical dermatome « 


were 
»xtends from the ‘ciput 
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far down on the neck and pies a large area on its anterior surface 
hes. SS, SY 

he aral | the second cervical dermatome is represented by 
the border of esthes following resection of the fifth cranial nerve 
he. 90 In t m cases the line separating these two 
ireas runs d n from the verte interiorly to the ear, but the tragus 
not included i1 ingesthe ind I have seldom found the heli 
KS ‘a. 
pr ~* 
/®& \ 
p a. 
4 
ays ae \ 4 
\Gi Sy 
\S aN 





her investiga 


I wing sect It rigeminal 1 { cording to Cushit ne tragus 
, 

s included 

The border of the dermatomes corresponding to the cranial 
nerves Is n ¢ ession be a wed Ss represt nted. acco! ling to m 
experience, | typical line I have been able to determine this in 
twelve cases in which | resected all the upper cervical roots (figs. 92, 93 
In all thes uses the anesthesia included the ear, but the external 
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meatus and the skin around it were not anesthetic. The individual 
variations are slight. I believe that it is not correct to say that this 
border is the caudal limit of the skin supply of the fifth cranial nerve, 
for we must bear in mind that the seventh, ninth and tenth cranial 


nerves participate to some degree in the supply of the ear 





From the material at my disposal several conclusions seem to me 
permissible 

(1) The dermatomes of man overlap to the same large degree as di 
those of the monkey. I never have found that resection of one singk 


root in man was followed by loss of sensibility; at least by the usua 


| 


clinical methods of examining sensibility no defect could be detected. 
When a single posterior root has been divided it is only by counting 
carefully the number of pressure and pain spots in the area innervated 
by that root, and by measuring exactly the threshold of the spots for 
mechanical or electrical stimuli, that a diminution in the number of 


root fibres connected with the skin can be demonstrated 
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2) The tactile dermatomes are larger than the pain and the thermal 


lermatomes [he area of analgesia and thermanesthesia following 


esection of ! be f ntio roots is alwavs larger than the area 
I tactile aniest Ss pome}t es tl esectiol 1 tw contig is roots 
| 1 S ana na tner i n put 1 tactile ingestnes 
he a Ss ol s tat proauced | electi Ll Stimulatior | 
posterior 1 ir t ermatomes defined by the isolation 
method, but 1 ( h tl he former are ver\ nillar t 
e areas of herpetic erupt 
| ()ne t st) ntor! | between the derma 
tomes ol ina I ole rmatome 1s represented t only 
n the t { Ss} ng , DUEL IN every Ssingie hiament ¢ 
tl ! t Wi nts « ’ ! eact {f a number of roots 
ul it, I na é I responding ermatomes 
preserves its se! | ( nstrat n an s by several 
nve gators to | erved in mal | have resected in 
several cases al thi nd eve! {f each of | the mbar 
nd sa eavil t filamer ! f h root In 
Lnese ¢ [ } el l 
>) TI ! < f experimental } oy in 
ul ils and é t n hes the fa eat lifficultie 
resented | I ibe Lf } ina it net leves 
to be n S for nvest tio1 t] ictivities e neut t 
ure ted to s wl e necessary t ely patient, and he 
nd I mol erel } ns the phys log f the 
nervous syste ! os f nd perimental physiolog f 
inima ind ! S I i V i ( t, which even when 
btained yw b est on 
he mate 11 W h I have br wht betore l the result f thirty 
years olf neut : oe) .and at the end I| feel that I am at about the sam« 
milestone as at t heginnir | realize that a ir present knowledge 
f the dermatomes in man has added little to the foundation which was 


It has ven me much pleasure to be invited to deliver this lecturs 
n memory of Dr. Schorstein, who was an eminent physician on the 
Stati ol tne Ly naol H Sp t ul, more espe cially as it pives me the Oppor- 
inity of paying a tribute to his colleague, Sir Henry Head, whose work 


yn the dermatomes and other subjects has added distinction to English 








OBSERVATIONS UPON THE FORM AND NATURE OF THE 


‘GRASPING MOVEMENTS AND “TONIC INNER 
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THI group ol moto) disorders that have be¢ iescribed unde 
various titles of ‘‘ tonic innervation,” “‘ the grasp reflex ‘forced graspir 
and groping,’ and under comparable descriptive names by write: 
other languages, has been the subject of growing interest thin rec 
years 

In each succeeding description they have assumed m compl 
features, until by some writers they have come to be endowed w 
qualities which conform to no known natural laws. but while th 
different studies have been as fruitful of nomenclature as of hypothes« 
they have not achieved general agreement upon essential clinical detail 
nor have they removed the great obscurity which still surrounds t 
origin and nature of the disorders in question. 

Therefore, a fresh clinical study needs no apolog\ 

While it is not proposed to preface it with yet another review of th 


relevant literature, a brief summary of the recorded facts of observat 
will serve to indicate the present state of opinion 


RAS IOVEMENTS AND “ TONIC INNERVATIOD 1] 
In 19] t, W son ind Walshe 17 describe d t d sorder of movement 


which they called ‘‘ tonic innervat 


irms of patients with frontal lob 


on It was observed in the paretic 


lesion associated with hemiparesis 


They found that voluntary flexion and extension of the arm and voluntary 
grasping were | ed by considerable delay in relaxation, and in the 
ise of the hand | n inabilit release the grasp of any object heid in 
t Any atte | patient r by pserver to extl t the ypyect led at 
nce to great ncreased for f grasp, a ton yntraction of the muscles 
ncerned wl ersisted until the attempt to extract the object ceased 
When the gras} 1 in this way, the hand frequently opened 
thout difficult No refi factor in the initiat f this toni 
nnervation et be 
In 192 hid in 13) l l( n describing a mn parable Late 
alt St pa refl lM oht t In mestion the 
mulus being t h on the paln 
Almost at t n tin Schuste. ‘ nd iter Nel ter and 
Pineas | ] t pul ed it tude i these sping and tol 
phenome! ' I n the paret l s ol patients tl 
ront ob ! ( roun foll 
1) Th t] nd sed nd grasped any object laid upon the 
pals 
2) That tl und grasped inv nt nd even inst the patient 
ll at an t ic] the « é finger, that touched the palman 
pect of the har digit nd t he hand and arm turned activel 
towards tl t ilatin ( ne th is though it ere a 
vonet 
hat t ul nvoluntarily grasped ul bject brought near 
t, even before with the pal vas made 
1) That t hand involunt grasped at and followed an object 
hat had been thdrawn from its grasp or from its neighbourhood 
»)) That any attempt to ext: te an ol t from the graspi hand 
1 to a strong ton Sp 
6) That wl the clenched hand was empt whether activel 
passively clos voluntary relaxation was eas ind no tonic grasp 
nsued 
Schuster concluded that the grasping movements (“‘ Zwangsgreifen 
ind Nachgreife1 were involuntary and not within the patient's control 
ind that the exciting stimulus was the contact of some object with the 
palm or fingers He explained the tonic grasp as a kind of tetanic fusion 
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of individual vrasping movements elicited by the rhythmically repeated 
tactile stimuli delivered by the object contained within the hand 
In 1927, Adie and Critchl 1!,in a small series of clinically and 


pathologically similar cases, confirmed all these findings and amplified 


them as follows: (1) The grasping movement of the fingers ensues upon 


( 


- 


any moving contact with the palm, the stimulus being most effectiv 


when applied over the metacarpo-phalangeal joints \ touch on thumb 


or index in this situation evokes a “crab’s claw reflex n which these 
digits close upon the stimulating object 
2?) The hand, arm and even the trunk are actively turned towards 
the stimulating object when the palm is touched, and when this is done 
repeatedly the limb may be drawn n an lrect n as thi igh by 1 
magnet, and this even when the patient’s eyes are closed 
3) All these complicated movements occur without the knowledge 


of the patient, who remains unconscious of them, although—parado: 


cally enough—he is said to be annoyed by them 

1) Tonic persistence ol the grasp ensues when a ttempt Is ude 
to pull away any object contained in the hand 

5) Voluntary clenching of the empty hand « no tonic gras] 
and relaxation in these circumstances is rapid and eas 

6) The patients in whom these movements are seen are psychical 
normal at the time of their occurrence 

Adie and Critchley believe with Schuster that they are dealing with 
a reflex response t ensory (tactile) stimulation of the hand, but in 


respect of the grasping that occurs before the hand has been touched 


they express no more precise conclusion than that this provides evidences 
of phenomena “ on a still higher plane 

Such, then, is the present state of knowledge t the attempt t 
construct from it a complete, consistent and credible picture of the 
events described is difficult, if not 1mm poss ble, because s much is left 
unaccounted for, and because the role attributed to sensory stimulation 


of the hand is clearly not in harmony with the recorded facts 

For example, we see (1) that tactile stimulation of the hand is 
not necessary for the occurrence of grasping movements, for the hand 
grasps an object that is merely seen, but not felt. It moves towards 
the approaching and follows the retreating hand of the examiner, Such 
movements through space can occur only in response to stimulation of 
a distance receptor, such as the eye 

Nevertheless, Adie and Critchley, though not Schuster, state that 
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these excursions of the limb do occur when the patient's eyes are shut 
and he is deprived of vision, and that if the hand be repeatedly touched 
in these circumstances it follows the stimulating object as though this 
were a magnet Now a tactile stimulus is effective only at the moment 
f contact Before the examiner's finger-tip is actually felt, and after 
t has left the patient’s palm, no stimulus is acting No one can 
unticipate the direction from which the stimulating finger is approach- 
ing, nor determine the direction in which it is retreating, unless it is 
seen throughout the whole procedure 


} 


That the hand of the patient without vision should advance to and 
follow the stimulating finger is not possible Equally unacceptable is 
the statement that these very complex movements, even when directed 
by vision, may be made by a psychically normal individual without his 
being aware of the fact More in accord with reason is the statement 
ff Schuster that his patients make these grasping movements In response 
to an urge to do so, but whether this be the case or not, 1t seems certain 
that they must know what is happening 

We see also (2) that tactile stimulation of the hand is effective only 


under certain special conditions, namely, that the stimulating object must 


be a foreign body presented in a certain wa For when the patient closes 
his empty hand, no “forced grasping’ ensues and he can open his 
und easily Yet his own finger-tips, when he encloses them in his 


fist, deliver a sensory stimulus to the palm differing in no single 
physiological respect from that delivered by the examiner's finger-tips 


‘his observation at once takes the grasping movement out of the 


itegory of true reflex movement 


3) Schuster regards the tonic grasp as the fusion of a series of 
eparate grasping movements (“eine ununterbrochene Aufeinanderfolge 
nzelner Greifbewegungen evoked by repeated tactile stimulation 
from the object contained in the hand \We cannot regard this conclusion 
s resting upon a sound physiological basis \n object at rest in the 
and rapidly ceases to be a potent source of tactile stimuli, and it is 


lifficult to regard the tonic grasp as a kind of tetanus of phasic con- 
tractions It has the characters of a true tonic reflex, a mode of 
eaction which exteroceptive, tactile stimuli are not adequate to elicit 
[he possibility that a proprioceptive stimulus may be in question has 
not been raised by any of the students of this phenomenon, though it 
eaps to the eye 

1) Finally, some importance attaches to the psychical condition of 


the patients in whom these movements occur. Adie and Critchley make 








bd ORIGINAL ARTICLES AND CLINICAL CA 


the general statement that this is normal, but ref 


details given in their paper shows that two of thei 


grossly abnormal in this respect, while of the third n 


his condition in this respect at the relevant period 


Schuster’s patients were mentally reduced, and when 


l } 1 } 
cases of the kind have lesions of the frontal lobe 


softenings within the territory of the anterior cereb 


j 


surprising tha 
activity 

rr } ] 

herefore, a survey rt the linical intormat n 


that the factors responsible fo1 forced gras) 


remain to be elucidated, and that some of the recorde 


tion are themselves susp¢ 


If there be any reflex factors in the phenome: 


their presence and characters can be revealed o1 


search fo. the essential components of a true retfle 
specific mode of stimulus, a definite and constant 
uniform, co-ordinated motor response These 


reflex reaction of the segmental nervous system, 
of Sherrington have made us familia 
Further, in the event of such a factor being four 
determine whether it includes the whole range of ol 
or whether it is but a fraction of a larger move 


which is reflex in nature 
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\ preliminary survey of a case presenting the phen 


are considering certainly gives the impression that 


ments with their striking range and delicacy of adapt 


ve 
‘= dD 


to moment, and their apparent independence of sens 





uny single receptive field, are scarce 
other hand, the to ynervation of muscles sl 
behaviour and a dependence upon a single mode of s 
which suggest strongly that here we are indeed de: 
reaction of the fixed, inborn variety 


Our own study of a series of eight cases has in 


conclusion that phenomena of two categories are t 


o 


widely different physiological rank, the one voli 
true reflex reaction. 


The clinical material upon which this conclusion 


based may 
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movements 


named 


to com! 
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uppropriately shaped object inserted between them, or put 


etween hallux and sole by the observe But to suppose that this event 


is anythin 


We 
at 
et 1 
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Not on 
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bl ib ete 
\} li€ 
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to do with grasping 1n a physiological sense Is no more 


those unconvincing phylogenetic fantasies that see in almost 


i 


unaly of movement the hypothetical activities of ow ‘ arboreal 


ll therefore adhere to the term ‘tonic innervation,’ which 


le emphasis upo! cal phenomena and embodies no hyp 


sole adequate stimulus for the production ol tonic innervation 


e stretch of the muscles concerned, a proprioceptive stimulus 


yrder constantly found in association with tonic reflexes 


stimulation of the hand we have found to be uniformly 


i result that was t be ant cipated in the case of a toni 


s stimulation of the palm by the patient's own fingers 
but even that delivered by some object held in the grasp is 
ct unless this is pulled in such a way as to produce stretch 
n most of the recorded examples of tonic innervation the 
he affected hand has been either normal or but 


aired, there are tw ises in the literature in which this 


if Schuster and Pinéas’ Case 10, it is said that “* Sensibilitat 


ialitaten ausser Lagegefuhl auf den linke Seite herabgesetzt, 


n |} 11} has recorded in detail a case in which apraxia and 
vation rasping movements not mentioned) occurred in a 
t whos tlected ar! was tot ully de pl ved of all modes of 
ut eight may easily be placed upon cases cited from the 
ut in so far as these two have any beat ng upon the question 
mulation of the hand as a stimulus to tonic innervation the 
n Ul ir ¢ n bpservations 
formity hown by this reaction in respect of stimulus, 


response and independence of voluntary contro! shows it 
the group of tonic reflexes of the segmental nervous system 
we are familiar both in animals and in man 


vity plays no part in it, and it stands upon a lower 


plane than do the grasping movements, the extinction of 
vcs 
ve manipulation, the rious hypertonus of the muscles 





66 ORIGINAL ARTICLES AND CLINICAL CASES 


engaged in tonic innervation differs somewhat from the 
pyramidal lesions. It persists unabated throughout the ra 
movement, and lacks the clasp-knife quality of spasticit 
latter remained unchanged throughout the apnceic period 
cases, tonic innervation disappeared constantly with apna 
Investivation by electrical and myographic methods 
de-atferentation | 15], may throw further ligh 


relation to Spastic b\ 


In none ol yu? es s tor nneé it t 
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()ne | nt ren I I l nto! It | 
lescriptions | 17! that t nervation 1 ensue upo! 
tractions and cause «ae n ition mst 
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r purpose, the ear! rit tt l 
1d not not ts present n t! I 
to whethe yr not it WAS € ‘luded s, the st ! 
could not open his hand means nothing 
details name! whether stretcl perat 
understood what was required, whether ay f 
ind whether the lim t n 

()bservations repeat 
failed to detect the occurrence I ! l¢ 
sare is taken not t I t ‘ t ret 
( \ | 

| I 

| physiologist can ad 39 man 
experiment and can subject mate l 
indert es the nvest it I ft } I 
the I il DSé€ 

‘his 1s strated | he | ! t | 
lefined the cerebral lesion necessary to a v of the 
innervation Unfortunately, the spe é 
which we are concerned, namely, the analvys { ! 
ff grasping phenomena, has received 1 mil 
( cept what we may derive | nierence 

In the adult s mor te Hine 
ablation yi the ntermediate pt entra te pre 





\ 


YNERVATION 6% 
Bbrodmann’s area 6 s followed constantly by the development of a 
grasp reflex his consists in tonic grasping when the animal is 
ing by one hand from a horizontal bar, and may be elicited for as long 


twenty ne days alter operation he reaction is crossed, but bilateral 


a ill Ly ! Hin et note bout grasping r groping 
Ssil t nethet Lhnese ¢ } ment bLactile 
l lial I I I na tretchnin ol tne finge) le I provided tne 
yuate t l he 1 I n n¢ he pbserva I lame 
k cr} V i na then reiteasing rie initia 
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We do not learn from these experiments how the tonic grasp was 


elicited, though it appears probable that here also, hanging the animal 


from a bar was the procedure adopted. This at once involves the 
possibility of proprioceptive stimulation \s for the movements ol 
grasping and pursuit, they confirm that vision alone is adequate t 
elicit them; as to whether they were volitional or reflex we are left in 
the dark 

If we are justified in drawing any conclusions—other than ana- 
tomical-——from these physiological experiments, they would be that the 
observations of Richter and his co-workers indicate that tonic innervation 
may occur alone without grasping movements, and that stretch is the 


stimulus necessary to evoke it 


The phenomena included under the various headings of * toni 
innervation,” “the grasp reflex,” “forced grasping and groping,” and 
the like are found to be capable of analysis into two distinct and 
separable components, the one volitional and the other refle 

(1) The volitional component includes grasping movements of the 


fingers, with which movements of the hand and arm through space are 


sometimes associated, ‘The stimuli to which they are responses ar: 
visual and tactile. Often both are operative, and it is only when th: 
patient has the use of vision that movements of the limb as a whol 
occur Tactile stimuli alone evoke nothing but grasping movements of 
the fingers, the hand and arm remaining still 

On the other hand, visual stimuli acting alone are adequate to evok« 
the full range of movements 

ff 


Only those visual and tactile stimuli are effective to which grasping 


is a natural and satisfying response. The movements are under the 


patient s control in that he can prevent their occurrence Chey show 
a delicacy of co-ordination and a capacity for adjustment to changing 
circumstances that, with the highly specialized stimull necessary 
elicit them, reveal the participation of the cerebra ortex in the 
production. In these qualities they differ from the fixed, inborn reflexes 


of the decorticate nervous system, and the term reflex cannot be rightly) 
applied to them. They are in fact volitional movements occurring i1 
individuals whose psychomotor functions have been reduced by d 
of the brain to the production of the “ least voluntary “ and “ most 
automatic "» movements. They are not ‘‘ forced, or involuntary. They 
occur only in the conscious patient, and disappear with the development 


of stupor or coma. 
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nsists n the tonic innervation of 
ire subjected to the pr prioceptive 
visua stimul are not ade juate to 
nscious n the unconscious patient 
f control The stimulus and the 
1 indicate that we are dealins 1b! 
nervous system, and one in whicl 
og ! vement occurs onli when the 
stretch, as when the attempt is made 
crasping hand Whe ull grasping 
the waning of consciousness, ton 
ted by sudden passive extension of 
expression r a re lespread 
nd is in this sense a fortuitous 
rov ide I cl Y l the rigil 
this reas the ter ras] 
f emphasis upon what I 
This particula the use whel 
vation f the plantar-fle ! f the 
evel hen dressed in the lan lage 
LS] phenome n sof as the 
I le 1 in tl paper, suggest tnat 
ptive tonic refl of which grasping 
é pment of grasping movement 
tuated in the frontal lobe 
nd adjacent to the ngitudina 
evs indicate that the intermediaté 
lmann’s area | Is the pre € 
t eparate components described 
the v tional con ponent ! ter! 
ping movements Ss necessal a) 
neither refi nor forced l'on 
rvation remains the 1 t suitable 
il Statt of the National Hospital 
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who have allowed us to examine and record their cases, we express our 


thanks. 
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THE RATE OF CONDUCTION AND REFRACTORY 
PERIOD O] THE HUMAN SENSORY NEURON] 


P Vv 
5 nve t is e bee! nducte n the phys o f 
€ ; I i I nave beer itt entirel 
; t 1 ? é ry 1s \ el ra i rat t 
é Ul ! l lar response 
é Ll lowing ne ettect 
I nt I 
I } es and LDSO he 
S ( { Le I ne 
¢ } l ' Lt " 
! t ‘ f rugs 
nd nditio1 ( not 
el I 1CCé \ I 1 il 
\ | t e of s! luration tha 
tit nec | nd the time intervals 
t minal O i \ S pendaulin iS sed 
| i t letermit ns I tin elations within O'] 
! | \ t f the pe vhen used in njunction witl 
electrica ntacts employed in these experiments was determined 
h | ‘ tel es of nents, using a string galvanomete: 
s recorder in the usual manne) ‘he vanations of the velocity were 
ind t e negligible The t of ke riginally designed by Lucas 
r break shocks 1s modified in such a way that only an instantaneous 
sure of the circuit occurred when the pendulum struck the steel pin 
f the ke fic. | To effect this the striker of the pendulum was 


ynnected with one arm of the circuit, the other connection being mad 
to the knife edge on which the steel pin rests The circuit is closed fo: 
the very brief interval of time elapsing between the moment when the 


striker first makes contact with the steel pin, and that when the pin is 
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pushed by the striker from the knife edge. The time during which the 
current is closed is negligible for the purposes of these experiments 
being less than 0°01 sigma. The very small intervals during which the 
circuits were closed were found not to be absolutely equal, and this 
inequality manifested itself as a difference in intensity of the stimulus 
The stimuli led off from the two keys had therefore to be « juali ed when 
the electrodes were applied by the use of non-inductive resistances. A 
battery of accumulators of 120 volts and a suitable potentiomete: 


completed the circuit 
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The electrodes used were at first similar to the silver non-polarizable 
electrode of Bourguignon, the neutral electrode being about 8 sq. en 
in size and the stimulating electrodes having each a surface of one square 
centimetre It was subsequently found that equally good results wer 
obtained with zinc electrodes When the successive stimuli wer 
delivered at one spot a common electrode was used 

The choice of a suitable subject must be a matter of great importance 


if the results here presented are to be verified. These investigations 






having been begun with one of the authors as a subject, we have 


















t 


ntinued 


experiments 


depend mainly the ut these 


All t 


yn sal subject through 


hie 


he conclusions, were, however, verified on a laboratory 


ssistant wl proved to be a good and objectively minded tness 
wo other youths proved, however, to be useless as subjects, at any 
ute ithout more training than we had leisure to give So far as it 
is possible f 1 dge, their chief faults were inattention and a 
ndency t guess en not sure 
Krom intros n it is possible in some degree to define the state 
nd ne¢ r a successful result as one in which in describing 
ensation al t ther than the particular one studied for 
he purpose ol tne ¢ perimel! ire onored ‘hus n idging sulla 
n, nothing | the magnituae i the sensation must be msidered 
spatial and temp erences must be neglected In judging 
he presence ubsence of multiplicit f the stimulus, the temporal 


eference must | nsidered, to the exclusion of magnitude and 
| ition I} fluctuati jualities if the local sign present a 
ry p ling and disturbing element It would appear that within 
mall area underlying the stin itine electrode there is a continuous 
luctuation of the skin spot t hich the stimulus is assigned. Any tw 
n following h other at a sufticiently brief interval are invariably 
S ed to the s e spot, but alte) nterval of a minute econd 
pair may appeal fect a spo hich is felt to be at some littl 
listance away, al e second pair appears to possess a different affective 
ne to the first t is btf far these variations are due té 
i rations of SKI! nauctiv the same nature is the so-called 
ychogalva! vhich is nd ned | concomitant alteration 
I tne Tectly Whatever | ne nterpretation f these fluctua- 
ns of aftect tone and | on, the irrence renders it necessa! 
r the stin being mpared to be delivered in pairs and 
the observe pronounce judgment on each pair without reference 
ny preceding p Tl method of pairing obviously increases ve 
eatly the nu ¢ f stimuli that ha to be administered, and makes 
reat demand n the endurance: the subject It was found that 
periments wert eatly facilitated hen a warning preceded the 
lelivery of the stimulus, and this was very conveniently rendered by 
he noise of setting the keys before each swing of the pendulum 
[hese movements ud to be performed with a strict observance of 
mpo—any irregularities in the time interval between the warning 


he 


stimulus caused disturbance of the subject’s attention 


l In the first instance 


j rile tiHherent prerive 
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this was determined in the ulnar nerve. The stimulating electrode 
connected with the keys K’ and K” was firmly bound on to the 
skin overlying the nerve at the ulnar groove by sticking-plaster. The 
large neutral electrode was applied to the lower dorsal region In other 
experiments the supraorbital nerve was selected at its point of emergence 
from the supraorbital groove, and in another series the musculocutaneous 
nerve as 1t winds round the head of the fibula From all these three 
points identical results were obtained. There is, of course, no reason 
vhy stimulation of the cutaneous nerve at any place should not yield 
equally satisfactory results, and this was found to be roughly true, but 
the points enumerated had been selected in the course of some earlie? 
experiments directed to other p irposes und were adhered t 


of convenience. ‘The voltage was adjusted to give two plainly perceptible 


stimuli when the keys K and K vere separately « ed | the 
pendulum. The stimuli were then adjusted so as to be of equal intensit 
DY means of the non-inductive resistances T) is necess L 
intrinsic differences in the tension of the springs of the two ke 
‘ausIng minute aifierences tne time I s ¢ é 
strength of stimulus from either 1 When tl ! ( i 
{ De [I equal intens the voitage \ S i . 
ist a little above the threshold of sensibilit e ¢ t int 
stimulus for optimum results can only be settl by the } el 

the subject, in view of the impossibility of gauging the skin resistan 
to the constant current owing to polarizatior Ihe ving kev lk 
now adjusted so that a double stimulus is given practica simultaneous 
and this is compared with a single sti1 is fi I he 
two circuits. So long as the second stimulus falls within the total 
refractory period following the first, the double stimulus will be judged 


to cause a sensation equal in intensity to that of the single stimulus 
When the key Kk’ has been moved to a point at which the second 
stimulus falls in the partial refractory period of the first, it will be 
noted that the double stimulus effect, owing to summation, is now 


oreater than the effect of the single stimulus This point, 


slightly 
marking the end of the period of the total refractory state, can be 
determined within 0'1 sigma \s the second stimulus is moved furthe) 
and further through the partial refractory period, a progressive increases 
of the strength of the double stimulus effect is noted, and the increase 
can be registered step by step within limits of 0°5 sigma Finally, a 
point of maximum sensation is reached, and for some time the double 


stimulus continues to give effects of uniform intensity while the second 
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stimulus is being moved further and further from the first When an 


nterval of about 12 sigma between the stimuli is reached, the intensity 


of the sensation tends to diminish and, as will be seen later, this point 


rresponds with the sensation 


ff reduplication. This diminution 
ntensity is, however, very difficult to localize in time with the 


| 
aegre¢ 


accuracy corresponding to that of the points for the refractory 


The total and partial refractory periods here determined are 
indoubtedly those of the afferent nerve itself. They correspond closely 
the total and partial refractory periods observed when the ulnar 
rve is stimulated by somewhat stronger currents and the resultant 


traction of the abductor minimi digiti is mechanically recorded 


r 


UUCUTeR 
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er in respon ut 
ul | vdir I i Pe Chr 
i , 
go. 2 It | be observed that the total refractory period is appreci- 
ibly more prolonged in the motor nerve, but it must be borne in mind 
hat the mechanical record offers a far coarser testimony than that of 
ensation 
In the tracing the contraction of abductor minim) digiti is recorded 
stimulation of the ulnar nerve at the olecranon by pairs of stimuli 
vith lencthening interval between the stimuli 


The contractions are recorded in groups of three for 


each stimulus 


nterval The figures refer to the instrumental scale Summation 
begins with a stimulation interval of 2°5 sigma, which represents the 


length of the total refractory period It reaches a@ maximum at about 
) sigma stimulus interval which represents the end of the partial 
refractory period. Summation begins to subside at a stimulus interval 


f about 13 sigma 
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Another method 
diminish the intensity of the two successive stimuli til 


below the threshold of sensation. 


refractory period can be 


appearance of sensation. 


for summation apply obviously to the sensory nerve in 
however, no evidence 
time values assigned to the refractory 
neurones 1n 
ceivable that the greater 
period of the lower sensory neurone are 
possessing entirely different refractory and summat 


so, however, the universal 


to postulate that the 
total and partial refrac 
transformed into repetitive 
is passed on 


refract« ry peri rd 


redup wcatio? 


objective 


determined 


discharges of varying 
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for the intensity 


makes it impossible to represent summation graphical 


demonstrating the total refractor 


the two stimul 
together within the total refractory period no sensati 
the time value for the onset of summation at the expiration 
“ry Sharply by 
of summation 
easily followed when working with such minimal sensations 


The values obtained for the total and partial refractory 
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period and § 
en It is | 


mpulses conditione 


translated by 
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upplication of the 


the neurones of the central nervous system would then make 


responses ¢ 
tne lowe 1 


ire 


neurone, posse SSIng 


When two success 
separated by an interval of 10°6 sigma the sensation is 


multiple or manifold character as if resolvable into two or n 


sensation 


then deliveres 


n will occur, and 


REPRA( SENSORY NI tON] 


( CT ( I RIOD O} ii 
timuli We have termed this new sensation “ reduplication but it 
} ild be understood that intr spective analysis does not allow the 
ibject to state early that the new sensation is composed of two 
parate sensations \ll that he can say is that it appears multiple, but 
vhether the multiplicity is composed of two or three separate stimul 
iunnot be definitely stated at this time interval It is not till an interval 

between the stimu 27 sigma is reached that the double nature of 
he sensation becomes quite definite he incidence of the first signs 
f reduplication occurred constantly in both observers at an interval of 
6 sigma between the stimuli The judgment error in either direction 
is not found 1 eed 0°5 sigma \s in the case of summation the 
sults were the same when obtained from the observation of the dull 
ich-like sensations in the rearm or the pain-like sensations from the 
rist and fing 
If the tw stimu be applied by two separate electrodes placed side 
side, the results obtained are identical with those from a single 
ectrode The appearance at this specific time interval of the sensation 
f reduplication does not therefore depend on the stimulation of identical 
rve fibres Further it does not depend on the stimulation of identical 
erves If one electrode stimulates the tip of the little finger (ulna 
rve) and the other the tip of the index finger (median nerve) the time 
elationship of the cecurrence of reduplication remains unaltered, 
though iudement be yes more difticult for the subject If corre- 
sponding fingers on the right and left hands be selected for successive 
timulation it was found that judgment of the exact point of reduplication 
{ the sensation became extremely difficult and it was impossible with 
ecision t¢ the reduplication point which occurred at a stimulus 
nterval of about 25 to 30 sigma. Similar lengthening of the redupli- 
ution time was noted when the homolateral arm and leg were stimulated 
Certain inferences may be drawn from the foregoing experiments 
he central nervous mechanism serving the sensation of reduplication 
the same functional time relations whether both successive stimu 
upplied to the same nerve fibre, to different nerve fibres, or to different 
it adjacent peripheral nerves. The sensory change interpreted as 
eduplication corresp mds very close n its stimulus interval to that at 
vhich sensory summation appears to wane These functional time 
itions correspond very closely to those observed in the muscula 
ffector organ Figo. 2 shows that when the ulnar is stimulated the 
vaning of mus iy summation in the abductor minimi digiti occurs at 
ibout the same stimulus time interval as does the waning of sensor 
immation and the appearance of reduplication on the sensory side 
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When a double stimulus is felt as such we are entitled to assume 
that we have a measurement of what must be the greatest possible 


duration of the refractory period of the central receptor neuron 


These are successively responsible for the ultimate resentation of the 
sensation at the level at which judgment is pronounced, but e are 
by no means ent tled t assume that we have Lis 1 measure f the 


jower limits of this period (he ultimate datum, reduy ition or non 


reduplication, is not a pure sensation, but a judgme! ving referer 
to the ideas of oneness or twoness, which again in tl nnect 
probably have temporal connotatio1 It ma we that the wl 
of this con é ecnanist! req es |! t ru I | 
large stimulus int Ll sigma hilst vid I ! } 
f the nervo system respond to st i] he ! I 
found for the refractory pe d of the ( ' ’ 
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olecranon The electrode of A circuit conveying the first stimul 
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ngel The length of nerve lying between these three points may be 
stimated with a possible error of about +5 per cent It has already 
been stated that when the same point of skin is subjected to a double 
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le vithin O°5 sig 
nen two point I 
Lup Lb | in 
It was foun ut 
( n I L! { VV 
luy tion t 
n 

ng bal to tl 
i S 

tant 

LW 

e ] 

i ' 
ed to | 
he ve 
} } r in 

servatl T T 

variat ns ll the 

ict lenct tl ne 

‘hese estimations of 
se which prey 

ve In these the 


and determin 


n reduplication time is the same 
1 wherevs e selected p t ma be and that 
I re take for the tw respective stimul the 
be deter! nea wit] equa Lccurae 
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uusly published for the motor fibres of the ulnar 
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The determination of the velocity of conduction of the afferent 
impulse in the human subject has given varying results Attempts to 
estimate the velocity of sensory impulses based on reaction times cannot 


by their nature give results of any significance in the normal subject 


The only attempt to investigate the velocity of the sensory impulse by 
objective methods has been that of Schiffer, who recorded the electro 
myogram of the electrically conditioned patellar reflex He assigned a 
velocity of 54°4 m. per second to the motor nerve and 59°4 m. per second 
to the sensory nerve His results cannot, however, claim serious con- 
sideration, they vary between 48 m. and 73 m. per second, the largest 
result being 52 per cent. greater than the smallest 
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If the results here recorded be valid it would appear that the velocity 
of the afferent nerve is about twice that of the motor nerve ich a 
conclusion seems inevitable if we are to accept the velocity of 37°5 m. pei 
second for the motor nerve and to regard the knee-jerk as a stretch 
reflex 

The length of nerve involved in the patella reflex has been investi- 


sated by F. A. Hoffmann, who obtained values between 110 ecm. to 
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in the ving subject. Professor Le Gros Clark very kindly 

le the following series of observations for us on a series of cadavers 

(he nerves were measured from the intervertebral foramen trans- 

he third lumbar nerve along the trunks of the lumbar plexus 

the point where the peripheral branch was inserted into the muscle 


\leasurements were taken of the muscles as shown below (fig. 3 


‘33 I repeated I rvatior ot tne 

} tiy the kne \¢ ive V i [ betwee! 4 and I 

f ! B tot dd the rectu femor De ssivned 

th ' t he time taken | in impulse travellin 


t the rate f per second would be 14 ma If distance D 


| te ssigned to the afferent path the time taken by an 
nulse tra I the rate of 75 m. per second would be 9 sigma 
tal estimated nd tion time being 23 8 oma when the obse rved 
was 24-2 oma, thus allowing about sioma as the latent pei od 


the affector organ and no measurable time for the synaps¢e If the 
retch receptors be placed somewhere about the middle of the quadriceps 
he est ited nduction time may be reduced to 21 sigma It would 
near, theref that assuming the absolute accuracy of the value of 


is ! nel Sé nd tol the etlerent velocit : the velocity of the 


ferent impulse nnot be less than that deduced from the foregoing 
} ment 

Felix observed the reflex time of the reflex contraction of the foot 
’ whe! th, ++ 


erent nerve is stimulated at the malleolus A larve 


ber of ¢ periments in a series f short and tall subjects gave an 
ive reflex time of 46 sigma for a refle nvolving an estimated nerv: 
th of 2258 em \part from the impossibility of accurately measuring 
nerve-length, the electromvogram 1s difficult to read accuratel owing 


tl } Ximit [the area of stimuiat n tothe galvan meter electrodes 
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EXPERIMENTS. 

Cat 6.—Operated April 8, killed April 26. 

The right cerebellar fossa was opened and the Clarke-Horsley 
apparatus applied to the head. The electrode was inserted 12 mm. in 
front of the central point, 14 mm. to the left, and 5 mm. upwards 
(instrumental error being allowed for). A current of 5 milliampéres 
was allowed to flow for five minutes. 

Mic roscopical examination.—The extent and position of the electro- 
lytic lesion may be seen by reference to fig. 1. It lies mainly to the 
left of the mid-line in the rostral part of the thalamus, encroaching very 
slightly on the right wall of the third ventricle. It involves here on the 





Fic. 1.—Section through the rostral part of the thalamus of Cat 6, showing the lesion 

{ {m, Anteromedial nucleus Av, Anteroventral nucleus. F, Fornix. La, Lateral 
nucleus. 
left side the periventricular system, the most medially situated 
fasciculi of the inferior thalamic peduncle, the most medial part of the 
anteromedial nucleus, and close to the mid-line the commissura 
interanterodorsalis. More rostrally, the lesion extends into the most 
medial fasciculi of the left descending fornix column and into the most 
medially situated fibres of the inferior thalamic peduncle of the right 
side. 

From the site of the lesion on the left side of the mid-line, degene- 
rated fibres extend dorsally to the stria medullaris, and ventrally in the 
inferior peduncle and fornix None of the degenerated fornix fibres 
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run into the pre-optic region. The fibres of the interanterodorsal 
commissure contain scattered Marchi granules which can be followed 
up into the anterodorsal nucleus of either side. On the other hand the 
anteroventral nucleus is quite clear of osmic deposit. There is no 
Marchi degeneration in the internal capsule or in any part of the 
cerebral cortex. 

Caudally at the level of the middle of the thalamus, the lesion produce d 
by the track of the needle lies immediately to the left of the mid-line and 
medial to the mammillo-thalamie bundle, cutting across the periventri- 
cular system of fibres. Here a few fine fasciculi of degenerated fibres 
extend up in the periventricular system to the paratenial nucleus, and also 
into the dorsomedial nucleus, the greater part of which, on the left side, is 
finely sprinked with osmic granules. A few degenerated fibres can also 
be followed ventralwards in the periventricular system for a very short 
distance, but none are seen to reach down into the hypothalamus. 
From the site of the lesion at this level Marchi granules extend for a 
short distance medially and laterally in the fibres which run transversely 
in the region of the nucleus centralis medius. 

Thus, in this specimen, the Marchi degeneration resulting from a 
lesion close to the mid-line of the thalamus is confined to immediately 
neighbouring regions, with the exception of the degenerated fibres in 
the fornix and the inferior peduncle of the thalamus. The distinct 
degeneration in the fine fibres pervading the dorsomedial nucleus 
provides evidence of an ascending connection between the periventriculai 


system of fibres and this nucleus. 


Cat 7.—Operated April 12, killed April 29. 


In this case the electrode was inserted to a point 12 mm. anterior to 
the central point, 15 mm. to the left of the mid-line, and 5 mm. above 
the horizontal plane. A current of 5 milliampéres was allowed to flow 
for five minutes 

Microscopical examination The electrolytic lesion was found to be 
situated in the upper end of the left habenulo-peduncular tract reaching 
dorsally to a point 1°5 mm. below the caudal extremity of the habenulai 
ganglion, and medially to about 1 mm. from the mid-line. It measures 
just under 3 mm. in vertical and 2 mm. in transverse diameter 
The medial margin of the central median nucleus is involved, as well as 
some of the fibres of the periventricular system at this level (fig. 2) 
More caudally, the lesion extends into the fibres which ar coursing 


dorsomedially into the posterior commissure, and the latter is densely 
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stained with the osmic acid. Rostrally, the lesion does not reach forward 
further than the level of the habenulo-peduncular tract 

Degenerated fibres radiate out from the site of the lesion in all 
directions, but none can be traced for more than a short distance (except, 
of course, those in Meynert’s bundle). Some pass dorsally into the 
substance of the pretectal nucleus, laterally into the centre median 
nucleus and the medial margin of the lateral nucleus, and ventrolaterally 
into the most medial part of the ventral nucleus (nucleus ventralis, pars 
medialis). Others run ventrally in the periventricular system, but do 
not extend into the hypothalamus. 

In sections passing through the middle of the thalamus rostral to 
the lesion, the medial medullary lamina contains scattered Marchi 


Fic. 2.—Section through the caudal part of the thalamus of Cat 7, showing the lesion 
4. F, Fornix. FR, Fasciculus retroflexus. G, Lateral geniculate body. M, Mammillo 
thalamic tract. 


vranules which permeate the substance of the nucleus paracentralis and 
nucleus centralis lateralis, and some fine degenerated fibres are seen to 
cross over through the nucleus centralis medius to reach the medial 
medullary lamina of the opposite side. It was not possible to determine 
with certainty to which nuclei these intralaminar fibres are specifically 
related. 

Sections through the anterior part of the thalamus—at the level of 
the anterior nucleus—show no definite Marchi degeneration. In none 
of the sections (including those taken through the frontal lobes) were 
degenerated fibres found to reach the internal capsule or the cerebral 
cortex. 

This experiment indicates that, with the possible exception of fibres 
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passing into the mesencephalon (for the investigation of which the 
lesion was not suitable), the efferent connections of the centre median 
nucleus are entirely intrathalamic. 


Cat 19. Operated September 20, killed October 5. The electrode 
was inserted in the mid-line to reach 9 mm. in front of the central point 
and 4 mm. above the transverse plane. A current of 7 milliampéres 
was allowed to flow for seven minutes. 

Microscopical eramination.—The most caudal section of the series 
shows the track of the needle passing through the cerebral aqueduct 
and involving here the most caudal and ventral fibres of the posterior 
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Fic. 3.—Section through the middle of the thalamus of Cat 19, showing the lesion. 
x 4. F, Fornix G, Lateral geniculate body. M, Mammillo-thalamic tract 


commissure. Degenerated fibres of this commissure extend out on 
either side into the pretectal nucleus, the nucleus of the posterior 
commissure, and further ventrally into the dorsal part of the tegmentum. 
The habenulo-peduncular tracts are filled with Marchi granules as the 
result of their partial involvement by the lesion at their upper extremity. 
There is no osmic deposit in the cerebral peduncles. At the caudal end 
of the thalamus the track of the needle passes forwards in the mid-line 
at the upper margin on the third ventricle immediately ventral to the 
habenular ganglion. From the site of this small lesion very fin 
degenerated fibres can be traced down in the periventricular system as 
far as the level of the ventral medullary lamina, but not into the 
hypothalamus. 
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The electrolytic lesion lies in the middle of the thalamus at the level 


of sections passing through the optic chiasma and the rostral pole of th 


lateral geniculate body (fig. 3). It is in the mid-line, extending from 
the stria medullaris to the ventral margin of the nucleus centralis 
medius, measuring 3 mm. in vertical and 2°4 mm. in transverse 
diameter. As may be seen from the figure, the lesion involves on the 
right side practically the entire dorsomedial nucleus, as well as the 
medial margin of the aucleus centralis lateralis, while on the left side it 
involves approximately the medial half of the dorsomedial nucleus. It 
extends forwards to the rostral extremity of the dorsomedial nucleus, 
cutting into the medial olfacto-habenular tract and the commussura 
interanterodorsalis, but does not reach the anterior nuclei. It should 
be noted that nowhere does the lesion extend lateral to the medial 
medullary lamina 
From the site of the lesion, fascicles of degenerated fibres run 
through the medial medullary lamina, and ventrally in the inferior 
thalamic radiations mainly to the lateral side of the mammillo-thalamic 
tract. A fine deposit of Marchi granules is also present in the 
commissural fibres coursing through the nucleus centralis medius and 
nucleus paracentralis, reaching out to the medial part of the nucleus 
centralis lateralis. The degenerated fibres of the inferior thalamic 
radiations are more numerous on the right side and run downwards and 
forwards to collect at the medial extremity of the internal capsule. 
Further forwards, in sections passing through the caudal part of the 
septum, the Marchi staining of these fibres is very distinct and is 
localized to the fasciculi which lie immediately dorsal to the intermediate 
root of the olfactory tract. The grouping of the degenerated fibres in 
sections through the rostral part of the septum is shown in fig. 4a. It 
will be noted that they reach down close to the basal surface of the brain 
and, at this level, some of them run laterally through the extreme anterior 
end of the lenticular nucleus to reach the external capsule. There is no 
Marchi staining in the anterior commissure, nor in the caudate nucleus. 
In sections further forwards—through the frontal pole of the hemisphere 
the degenerated fibres are seen in the most ventral part of the centrum 
ovale, extending up almost to the floor of the lateral ventricle. Here, 
also, they can be seen extending into the deeper layers of the cortex of 
the gyrus proreus (which are sprinkled with a very fine Marchi deposit), 
and reaching from the upper lip of the sulcus presylvius down to the 
orbital ‘‘ keel’ of the frontal lobe (fig. 4B). By reference to the charts 
of the cortical areas in Winkler and Potter’s classical atlas of the cat’s 
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brain, it is evident that these corticipetal fibres from the dorsomedial 
nucleus are terminally related to aree prefontalis, orbitalis lateralis, 
orbitalis intermedia and orbitalis medialis. These areas form component 

parts of the prefrontal granular cortex. 
' 
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Fic. 4.—a, Section through the rostral part of the septum of Cat 19, showing degenerated 
res in the internal capsule 1 B, Section through the frontal pole of the cerebral 
hemisphere of Cat 19 x 4 The numbers indicate the position of Brodmann’s cortical 


ireas, 
Besides the degeneration already noted, the fibres of the interantero- 


dorsal commissure (which is involved by the rostral extremity of the 
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lesion in the mid-line) show an abundant deposit of Marchi granules 
which can be traced up into the anterodorsal nucleus of either side, and 
there is also Marchi degeneration in the inferior peduncle of the 
thalamus which results from the injury to the medial olfacto-habenular 







fibres. No certain evidence was found of degenerated fibres extending 






from the lesion into the lenticular nucleus. 










Cat 21.—Operated September 27, killed October 10. The electrode 
was inserted up to a point 8 mm. anterior to the central point, 1 mm. 
to the left of the mid-line,and 4mm. up. A lesion was made by passing 


a current of 7 milliampéres for five minutes. 










Section through the middle of the thalamus of Cat 21, showing the lesion. 


1, F, Fornix, M, Mammillo-thalamic tract. 

















Microscopical ecamination.—At the caudal margin of the thalamus 


the lesion lies close to the mid-line on the left side, extending almost 






from the upper extremity of the fasciculus retroflexus above to the 





ventral medullary lamina below. At this level it occupies much the 






same position as the lesion in Cat 7 which is illustrated in fig. 2 
Further forwards it is situated rather more ventrally and, in the middle 







of the thalamus (in sections passing through the optic chiasma, the 





rostral pole of the lateral geniculate body, and the caudal end of the 






corpus callosum), it lies up against the mid-line in the most medial part 





of the ventral region of the thalamus (fig. 5). The lesion is approxi- 






mately circular in section, measuring 1°5 mm. in diameter. It involves 






the nucleus centralis medius close to the mid-line and the nucleus sub- 
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medius, and more caudally the upper end of the fasciculus retroflexus, 
the nucleus parafascicularis, and the medial part of the centre median 
nucleus. The dorsomedial nucleus has escaped injury (except, possibly, 
for its extreme caudal pole). Two sections in front of that shown in 
fig. 5, the lesion is no longer present. 

From the site of the lesion, Marchi degeneration extends into the 
ventral part of the dorsomedial nucleus, in the periventricular fibres as 
far up as the habenular ganglion (but not ventrally below the level of 
the lesion), laterally in the fibres of the commissura media into the 
nucleus paracentralis and nucleus centralis lateralis of both sides, and 
slightly in the fibres of the medial medullary lamina. It is also present 
in the root of the left habenulo-peduncular tract (which is involved by 
the lesion at the caudal end of the thalamus), and in the fasciculi of the 
inferior thalamic radiations which course downwards and forwards 
towards the ventral medullary lamina. The degenerated fibres in the 
latter fasciculi evidently arise in part from the dorsomedial nucleus, 
having been intercepted by the lesion on their way down, and, as the 
sections are traced rostrally, they are observed to pass into the medial 
end of the zona incerta and so reach the medial margin of the pes 
pedunculi. A few of them can be followed further forwards in the 
most medial fasciculi of the internal capsule (lying immediately adjacent 
to the intermediate root of the olfactory tract) and ultimately into the 
extreme rostral part of the external capsule, where they disappear in the 
same region of the cortex into which fibres were traced from the dorso- 
medial nucleus in Cat 19. The majority of the degenerated fibres which 
reach the ventral medullary lamina from the lesion run ventrolaterally 
in amongst the most medial fasciculi of the internal capsule and, having 
penetrated the latter, turn laterally to reach the globus pallidus, beyond 
which they could not be traced with certainty. There is no Marchi 
degeneration in the inferior pedancle of the thalamus. 

Cat 22.—Operated September 30, killed October 12. The electrode 
was inserted to reach 8 mm. in front of the central point, | mm. to the 
left of the mid-line, and 4 mm. above the transverse plane. A current 
of 7 milliampéres was passed for five minutes. 

Microscopical eramination.—The track of the needle passes forwards 
in the mid-line along the cerebral aqueduct, and at this level a slight 
injury to the ventral fibres of the posterior commissure has given rise 
to well-marked Marchi degeneration. The main lesion is quite small, 
measuring 1°7 mm. in transverse and 3 mm. in vertical diameter, and 
lies in the mid-line close to the dorsal surface of the thalamus. It 
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involves only the nucleus paraventricularis anterior (extending up as fa 
as the ventral margin of the habenular ganglion), the extreme medial 
margin of the dorsomedial nuclei of both sides, and the nucleus 
centralis medius. 

A fine Marchi deposit is present in the fibres of the commissura media 


extending laterally on both sides as far as the nucleus centralis lateralis 


and also in the fibres of the periventricular system immediately adjacent 


to the lesion. No degenerated fibres extend into the hypothalamus and 
none reach the internal capsule. There is a slight degree of Marchi 
degeneration in the most caudal fibres of the inferior thalamic pedunck 
of the left side. 


Cat 18.—Operated July 22, killed October 13. Under ether 
anesthesia the bone over the right frontal area was removed as far as 
necessary. The frontal pole of the hemisphere was divided in a trans- 
verse plane | cm. from the tip with a sharp tenotome. The ensuing 
hemorrhage was controlled and the wound sutured. The cat made a 


good recovery from the operation and exhibited no unusual symptoms. 


Lateral view of the right hemisphere of Cat s the extent 
cortex whose connections with the thalamus had been severed by the 

The extent of the lesion in the right frontal lobe was studied after 
death by making sections of the fresh brain and studying them with th: 
aid of a binocular dissecting microscope. The cortical area which had 
been severed from the rest of the brain by the lesion is indicated by the 
stippled area in fig. 6. The corpus striatum was not involved by the 
injury. 

Microscopical eramination. Complete serial sections were take n 
through the thalamus and stained with Borell’s methylene blue In 
the most rostral sections, the course of the degenerated fibres through 
the anterior thalamic radiations is marked out by blue staining. 

The elements of the anterior nucleus and of the lateral nucleus, as 
well as the nucleus centralis lateralis, nucleus centralis medius, nucleus 
reuniens, centre median nucleus, nucleus parafascicularis, nucleus sub- 


medius and nucleus paratzenialis are all normal on the side of the lesion, 
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and stand out in contrast with the atrophic areas in the dorsomedial and 
ventral nuclei. 

In rostral planes, the cells of the lateral third of the dorsomedial 
nucleus (extending dorsally up to the habenular nucleus) have undergone 
almost complete atrophy. More caudally, the degeneration is a little 
more extensive. At its posterior extremity, the nucleus is split into 
medial and lateral parts by the lateral root of the habenulo-peduncular 
tract. The cells of the lateral part are atrophied, while those of the 
medial part are unchanged. 


I 


7 Section through the dorsal part the thalamus of (¢ l wing the cell 


utrophy which ha llowed on a lesion of the frontal cortex x 2 his figure has 
een drawn from a section stained with Borell’s methylene blue, by means of a projection 
f 1] 


ipparatus. a, Area of cell atrophy in the lateral part of the nucleus dorso-medialis 
Cl, nucleus centralis lateralis; Cm, nucleus centralis medius; Dm, nucleus dors 


medialis; La and Lb, nucleus lateralis Pe, nucleus paracentralis Sm, stria 
medullaris: V, nucleus ventralis, pars arcuata. 


Thus, by reference to the cellular atrophy which affects it after an 
injury to the frontal pole of the hemisphere, the dorsomedial nucleus in 
the cat may be subdivided into medial and lateral portions. An exami- 
1ation of Nissl preparations of the normal nucleus shows that these two 
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parts can also be differentiated on the basis of cytoarchitecture, the cells 
of the lateral part (connected with the frontal cortex) being smaller and 
more fusiform in shape. 

Atrophy of cells is also to be found very distinctly in the ventral 
nucleus. Most rostrally this affects, to a moderate extent, the ventro- 
medial half of the nucleus ventralis, pars anterior. Behind this level the 
atrophy is mainly confined to the ventral nucleus, pars medialis, which, 
except at its most anterior part, is almost completely degenerated, very 
few normal cells remaining. On the other hand the nucleus submedius 
(2? = nucleus medialis ventralis), which lies medial to the mammillo- 
thalamic tract, appears normal. At the more anterior levels of the 
thalamus the pars externa of the ventral nucleus also shows an area of 
cellular atrophy, but caudally this is only slightly indicated. At caudal 
levels the cellular degeneration of the ventral nucleus involves the 
medial part of the pars arcuata, extending out 3°5 mm. from the mid-line 
This atrophy shrinks in more posterior sections until it is limited to a 
small circumscribed patch in the medial “ tail’ of the arcuate nucleus. 

The nucleus paracentralis is normal at rostral levels, but posterior], 
many of its cells have undergone complete degeneration, so that the 
area of cellular atrophy in the medial part of the ventral nucleus becomes 
here linked up with that in the lateral part of the dorsomedial nucleus. 
No cellular atrophy is found behind the level of the thalamus. 

Experimental lesions in the rat's brain.—One of us has already 
adduced evidence, on the basis of the Marchi method, of a reciprocal 
fibre connection between the dorsomedial nucleus and the frontal pole 
of the rat’s brain (Clark, 1932 5). In the following three experiments 
on rats, a small lesion was made in the tip of the frontal pole of the left 
hemisphere with a discission needle. The animals were killed approxi- 
mately three months later and the extent of the lesion studied in the 
fresh brain with the aid of a binocular dissecting microscope. A complete 
set of serial sections through the thalamus was then prepared and stained 
with Borell’s methylene blue. 

Rat FF. 1.—Examination of the brain after death showed that tne 
lesion had severed the rostral 3 mm. of the frontal pole from the rest 
of the hemisphere and involved the olfactory peduncle. The microscopi- 
cal sections show that the anterior end of the striatum was also injured 
in front of the anterior commissure. 

Serial sections through the thalamus demonstrate the following 
features. On the side of the lesion there is very distinct atrophy 
(indicated by marked shrinkage and poor staining of the cells) of the 
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lateral third of the dorsomedial nucleus and also of the whole of the 
nucleus medialis ventralis. On the other hand the nucleus centralis 
medius, nucleus paracentralis, nucleus centralis lateralis, and more 
caudally the nucleus parafascicularis and its lateral extension (the 
homologue of the centre median nucleus) are quite normal in appearance 
Similarly, there is no sign of cellular atrophy in the anterior, ventral, 
lateral, or other thalamic nuclei. The degenerated areas are very clearly 
defined and stand out in conspicuous contrast with the rest of the 
thalamus in methylene blue sections. 

Rat FF. 2.—Examination of the brain after death showed that the 
lesion had cut transversely across the left frontal pole 4°55 mm. behind 
its rostral extremity, and had involved the olfactory peduncle and the 
anterior 1°5 mm. of the striatum (caudate nucleus + putamen). 

Serial sections through the thalamus demonstrate an almost complete 
atrophy on the left side of the lateral two-thirds of the dorsomedial 
nucleus, of the nucleus anteromedialis, nucleus medialis ventralis, and 
the left half of the nucleus reuniens. In contrast with these degenerated 
areas there is no apparent change in the following nuclei: anterodorsal 
and anteroventral, paratzenial, lateral, ventral, paracentral, lateral central, 
nuclei of the mid-line (except the left half of the nucleus reuniens), 
parafascicular and centre median. 

Rat FF. 3.—In this case the lesion was extremely small. Besides 
injuring the olfactory bulb, it was confined to the extreme tip of the 
frontal pole, just incising the thickness of the cortex at this point. 

Serial sections through the thalamus showed no cellular atrophy in 
any of its elements. 

DiscUSSION AND SUMMARY. 

The discussion of the results of the experiments which have been 
recorded in this paper may best be accomplished by considering 
separately the various nuclei involved. 

Nucleus dorsomedialis.—(Nucleus medialis a, nucleus medialis dorsa- 
lis of other authors). In Cat 19, the lesion was practically confined 
to this nucleus and the immediately adjacent mid-line nuclei. Marchi 
staining showed that, in addition to sending fibres into the medial 
medullary lamina and the periventricular system, the nucleus emits 
corticipetal fibres w hich run ventrally into the most medial fasciculi of 
the internal capsule, and then pass forwards in close relation to the 
septum and the basal surface of the brain, to terminate in the granular 
cortex of the frontal lobe represented by are prefrontalis, orbitalis 
lateralis, intermedia and medialis. Conversely, in Cat 18 and in Rats 
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FF 1 and FF 2, avery distinct cellular atrophy affecting the lateral part 
of the dorsomedial nucleus was found after severing the connection 
between the frontal pole of the hemisphere and the thalamus. It may 
therefore be concluded that cortical projection fibres from the dorso- 
medial nucleus are distributed to the prefrontal region of the cortex, and 


this confirms the results obtained by the Marchi method in the rat’s 
brain (Clark, 1932 »)). It is relevant to recall that in the higher 


primates this region of the cortex undergoes a remarkable expansion, and 


that, coincidently with this, the dorsomedial nucleus in these forms 
shows a progressive enlargement and a clear differentiation into lateral 
and medial elements (Friedemann, 1912; Pines, 1927; Clark, 1930), 
It may be inferred from our experiments that the lateral element is the 
source of the corticipetal fibres. We believe that the connections of the 
dorsomedial nucleus with the periventricular system on the one hand, 
and with the prefrontal region of the cortex on the other, may be of 
considerable significance. It is evident that the nucleus provides a 
mechanism through which the cortical levels can be brought into direct 
functional relation with the activities of the hypothalamus. 

Nucleus submedius.—This nucleus in the cat’s thalamus is probably 
homologous—at least in part—with the nucleus medialis ventralis of the 
rat. In Cat 21 the nucleus submedius was destroyed by a small 
localized lesion. As a result, in addition to a small amount of degenera- 
tion in the periventricular system, degenerated fibres were found passing 
ventrally to the medial part of the internal capsule. A very few were 
traced forwards to the frontal pole of the hemisphere, but we think it 
certain that these originate in the dorsomedial nucleus, having been 
injured by the lesion on their way down past the nucleus submedius 
Most of the degenerated fibres, which evidently have their origin in the 
submedial nucleus, penetrate the internal capsule to reach the lenticulat 
nucleus. ‘l'his connection corresponds precisely with that of the nucleus 
medialis ventralis in the rat’s brain as demonstrated by the Marchi 
method (Clark, 1932 6). A marked atrophy of the whole of this nucleus 
was found in Rats FF 1 and FF 2, following a lesion in the frontal pole 
of the hemisphere, and the significance of this requires further investiga- 
tion. In both these cases, however, the rostral part of the striatum 
(caudate nucleus -+ putamen) had been involved by the injury. This 
fact, together with the absence of positive evidence based on Marchi 
degeneration, precludes the assumption ofa direct cortical connection of 
the nucleus medialis ventralis. 

Nucleus anteromedialis.—In one experiment (Cat 6) this nucleus 
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was involved by the lesion, but only to a very slight extent at its medial 
margin. In Rat FF 2, the whole nucleus had undergone atrophy follow- 
ing a lesion of the frontal pole of the hemisphere. As in the case of the 
nucleus medialis ventralis, further experimental inquiry is needed to 
elucidate the meaning of this degeneration (e.g., whether it is secondary 
toan injury of the cortex involving that part of the area cingularis which 
extends on to the medial surface of the frontal lobe, or whether it is 
associated with the injury of the rostral end of the striatum). In this 
experiment on the rat, the sharp contrast between the degenerated 
anteromedial nucleus and the unaffected anteroventral nucleus may be 
noted, for it serves to emphasize the distinction between these two 
elements which is apparent in their normal cytological features 

Nucleus centralis lateralis —This nucleus remained unaffected by 
lesions of the frontal pole of the hemisphere. Marchi sections indicate 
that it is closely related to the commissural fibres of the thalamus which 
run through the nucleus centralis medius, and that, by way of its fibre 
connections with the latter nucleus, it may also serve as a link through 
which the more laterally situated nuclei of the thalamus are brought 
into relation with the mid-line nuclei and the periventricular system 
of fibres. 

Centre median nucleus.—This nucleus was partly destroyed in Cat 7 
No degenerated fibres were traced from the site of lesion beyond the 
immediately adjacent thalamic nuclei (except in the habenulo-peduncular 
tract which was also injured in this experiment). This result is in 
accord with the experiment recorded elsewhere in which the centre 
median nucleus was also injured (Clark and Boggon, 1933). It may 
also be noted that lesions in the frontal pole of the hemisphere led to no 
atrophy in the nucleus. Thus it appears that the centre median nucleus 
isan intrathalamic mechanism concerned rather with the linking up 
of other thalamic elements, a conclusion reached by one of us on the 
basis of comparative anatomical studies (Clark, 1932 a). 

Nuclei of the mid-line.— Following lesions limited practically to the 
mid-line nuclei (nucleus paraventricularis anterior, nucleus commissuralis 
interanteroventralis, nucleus commissuralis interanterodorsalis, nucleus 
centralis medius), degeneration was limited to commissural fibres and 
periventricular fibres. The former could be traced out either to the 
anterodorsal nucleus, or through the nucleus paracentralis as. far as 
the nucleus centralis lateralis. They could not with certainty be 
followed further. The degenerated periventricular fibres were followed 
up dorsally into the paratenial nucleus and the dorsomedial nucleus 
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Ventrally they could be traced in a subependymal position as far as the 
junction of the thalamus proper with the hypothalamus, but in no case 
actually into the substance of the hypothalamus. Rioch (1931) has 
demonstrated with Weigert material a fibre connection between the 
mid-line nuclei of the thalamus and the hypothalamic nuclei. From 
our experiments, it appears certain that (so far as myelinated fibres 
are concerned) this connection is established by short relays of neurones. 

Thalamo-cortical projection fibres.—The positive evidence which we 
have adduced of cortical connections of the dorsomedial nucleus and, in 
a previous communication, of the anterior nucleus (Clark and Boggon, 
1933), indicates that, at least in lower mammals, the prefrontal cortex 
and the cortex of the gyrus cinguli must be included among the 
thalamocorticai projection zones (in addition to the somato-sensory, 
visual and auditory areas). This result finds no support in the con- 
clusions attained by Poliak in his recent elaborate monograph on the 
afferent fibre systems of the cerebral cortex in primates (1932). It 
should however be noted that: (1) this author did find Marchi degenera- 
tion in the gyrus cinguli along the dorsal surface of the corpus callosum 
in one of his experiments (No. 2) after a lesion involving the anterior 
limb of the internal capsule, but he does not appear to consider the 
question of this degeneration being the result of an interruption of 
thalamo-cortical fibres ; (2) in none of his experimental lesions were the 
fibres of the anterior thalamic radiations, which course forwards close 
to the basal surface of the brain and which (in the cat and the rat) 


contain the projection fibres from the dorsomedial nucleus, interrupted 


by the injury. 
We are much indebted to the British Association for the loan of the 
Clarke-Horsley stereotaxic instrument which we used in the course 


of the experiments recorded in this paper. 
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ON A CORTICAL FLEXOR TONE IN THE FORE-LIMB OF 
THE CAT, WITH OBSERVATIONS ON THE HEMI- 
PLEGIC ATTITUDE IN MAN. 
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VARIOUS clinical conditions in man associated with tonic spasm have 
been studied from time to time in relation to the classical picture of 
experimental decerebrate rigidity in animals. In particular, attempts 
have been made to relate the postural effects seen in clinical cases of 
hemiplegia and paraplegia to the position assumed in animal decerebrate 
rigidity; and in comparing and contrasting the human and animal 
pictures attention has been drawn to one striking difference, that while 
in the animal the fore-limb shares with the hind-limb a position of rigid 
extension, in man the arm is usually in a position of rigid flexion and 
adduction. Recent papers by Manson and Ferguson (1930) and by 
Brain (1927), for example, emphasize this difference and contain brief 
reviews of earlier discussions of the clinical counterpart of animal 
decerebrate rigidity. 

The following observations seem to have a direct bearing on this 
problem of difference. They are put forward with all due reserve in 
that they are observations made on animals under general anesthesia. 
But it may be claimed with some justice that phenomena seen under 
successive stages of general anesthesia are not unconnected with the 
effects produced by experimental or pathological lesions of the brain. 
For, in general, the successive stages of anesthesia reflect effects on 
successive brain levels. And, as will be seen, our observations are 
supported by experimental results and throw a suggestive light on 
pathological conditions. Careful observation of the behaviour of both 
animals and man under anesthesia is indeed likely to provide a fruitful 
field for investigation of cerebral function. 

In cats under avertin anesthesia we have repeatedly noted a stage 
at which the hind-limbs are rigidly extended while the fore-limbs are 
rigidly flexed and adducted. As anesthesia deepens beyond this stage, a 


position is assumed of extensor rigidity in all limbs, which is succeeded 
in turn by a stage of complete relaxation of all limbs comparable to 


- 


i 





LOO ORIGINAL ARTICLES AND CLINICAL CASES 


what is termed “surgical anesthesia’’ in human operative practice. 
These stages have been observed to occur in reverse order when an 
animal is recovering from deeper anesthesia. The stage of flexed 
adducted fore-limbs with extended hind-limbs has been noted most 
regularly when avertin has been given intravenously during preliminary 
ether anesthesia. In one consecutive series of eight cats anesthetized 
in this way the stage was seen distinctly in six, indefinitely in one, and 
not at all in another. In the last case a considerable amount of ether 
was given before giving avertin. This particular stage has _ been 
observed much more irregularly when ether alone, or avertin alone, was 
employed. 

At the stage referred to, the animal is completely unconscious; while 
recovering from it no signs of struggling are seen until a much lighter 
stage of anesthesia is reached. The position of the limbs is entirely 
unchanged by altering the position of the animal as a whole, or of its 
head and neck in relation to its trunk. 

As this position preceded, in deepening anesthesia, the stage of 
quadrupedal extension resembling the attitude of decerebrate rigidity, 
it seemed likely that it was related to supra-mesencephalic function. 
We therefore investigated the effect on this posture of removal of cerebral 
cortex. It was found that a suitable removal of cortex on one side 
caused the flexion in the opposite fore-limb to be replaced by extension. 
It was more difficult to observe on the trephined animal the typical 
stage of rigidly flexed fore-limbs and rigidly extended hind-limbs, because 
the deep anesthesia induced before trephining was not always promptly 
recovered from. The amount of avertin by then given in some cases 
was apt to induce a delayed effect going on to the production of complete 


muscular relaxation, lasting, it might be, for many hours. The blood- 


pressure in such cases remained normal, so that this condition was not 
sleep’ condition, such as 


se 


one of surgical shock, but rather an intense 
has been known to occur at times in the clinical use of avertin. But, 
nevertheless, in some animals we were able to observe, after trephining, 
the position with rigidly flexed fore-limbs and rigidly extended hind- 
limbs ; unilateral removal of cortex was then followed by extensor rigidity 
in the opposite fore-limb. In some other cases where, after trephining, 
both fore-limbs persisted in a condition of only slight rigidity and partial 
flexion, and on removal of cortex on one side little or no change in the 
attitude of the limbs took place, the fore-limb on the side of cortical 
removal was found to resist passive extension slightly or even to respond 
with a definite flexor pull, while the fore-limb, the cortical connections 
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of which had been interfered with, now showed no such signs of flexor 
tone. 

Thus we found that this tonic flexor position of the fore-limb which 
is “‘ released’ at a certain stage of anesthesia, is abolished by contra- 
lateral removal of cerebral cortex, just as we had previously noted that 
it disappeared with deepening anesthesia. It therefore seems to be 
maintained by cortical influence. 

An attempt was made to determine more precisely whether the 
maintenance of this flexor tone was associated with any particular area 
or extent of cortex upon ablation of which the flexor tone disappeared. 
Removal of cortex was done on one side only, also first on one side 
and then on the other side. Always purely contralateral effects were 
noted. The motor area was identified by electrical stimulation. 
Suitable precautions were taken to prevent drying of exposed cortex. 

When removal of cortex was strictly confined to the motor area, no 
alteration in the incidence of this fore-limb flexor tone was observed to 
follow. Nor was any change seen when cortex was removed behind the 
motor area, on the lateral aspect of the hemisphere, and the motor area 
was left intact. But removal of the motor area plus an extent of cortex 
posterior to it rather greater in size than the motor area itself brought 
about a loss of flexor tone previously present in the opposite fore-limb, 
or caused a more definite condition of rigid flexion and adduction 
previously present to be replaced by rigid extension. 

Removal of cortex anterior to the motor area produced no appre- 
ciable result until part at least of the motor area also was removed ; 
then the most striking result was increased extensor rigidity of both 
fore-limb and hind-limb on the opposite side, as has already been 
described by Warner and Olmstead (1925) to take place on extirpation 
of the frontal cortex. These authors do not mention any difference of 
effect in the fore- and hind-limb; we observed that while stimulation of 
the cut surface of the frontal region diminished distinctly the rigidity 
of the contralateral hind-limb, a slight flexor tone appeared in the 
contralateral fore-limb. 

According to our observations, therefore, the maintenance of the 
flexor tone in the fore-limbs does not seem to be localized in any parti- 
cular part of the cortex by itself. The parietal area seems to be specially 
concerned, but a fairly extensive ablation of cortex in this region does 
not bring about loss of the flexor-tone unless the motor area also is 
destroyed. Removal of the motor area alone does not affect the flexor 
tone, but we have never seen this tone disappear upon removal of any 
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other area of cortex while the motor area remained intact. Loss of the 
flexor tone seems to follow upon cutting off the motor area plus a 
considerable extent of adjoining cortex. 

How far this flexor rigidity which we have studied in the fore-limb 
of the cat corresponds to the clinical flexor rigidity of the arm in man 
can be at present a matter for conjecture only. Rigid flexion of the 
arms and extension of the legs is often seen in early stages of general 
anesthesia in man. Sherrington has stated, in a personal communi- 
cation referred to by Brain (1927), that in monkeys prior to deep 
anesthesia, there is frequently a long-maintained flexor position of the 
fore-limbs. It may quite well be the case that in man, owing to the 
high degree of integration throughout the cerebral cortex, cutting off a 
localized part of the cortex by a pathological lesion (as the motor area 
in hemiplegia) may so interfere with cortical function as a whole as to 
“release "’ a flexor tone in the arm, just as is done in incomplete 
anesthesia. We have demonstrated that in the cat a cortical fore-limb 
flexor tone can persist after ablation of the motor area. May it be that 
the extensor rigidity of the arms, more rarely seen in patients with 
cerebral lesions, indicates a more extensive removal of cortical control 
than that of the motor area only, as is the case in the cat ? 

But the main significance of our present observations, in relation to 
the problem of flexor rigidity of the arm in man, is the demonstration 
that in the cat extensor rigidity of the hind-limbs may co-exist with 
either extensor or flexor rigidity of the fore-limbs, under different con- 
ditions. It is therefore unnecessary to force a strict comparison between 
the complete 


‘ 


‘decerebrate rigidity ’’ posture in animals, and the human 
clinical posture of flexed arms with extended legs. If flexor rigidity 
and extensor rigidity are both found in the fore-limbs in animals, it is 
beside the point to compare the human flexor position with the animal 
extensor position only, and to seek an explanation of the difference in 
posture in the altered normal use of the fore-limbs in man. 

Brain (1927) has suggested that the hemiplegic position with flexed 
arm and extended leg represents a “‘ release’’ of the primitive anthropoid 
erect attitude. But it is surely unsound to argue that pathological 
interference with normal function of the human brain may “ release” 
an atavistic attitude which in a lower animal is the outcome of the 
activity of a normally acting brain—to argue in other words, that a 
localized pathological lesion has the effect of putting back the hands of 
the evolutionary clock. The work of Richter and Bartemeier (1926) is 
a striking demonstration against this argument: they showed that the 
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decerebrate attitude in sloths reproduces in detail the upside-down 
hanging posture peculiarly characteristic of these animals themselves 
Brain’s demonstration that, when the body of a hemiplegic patient is 
brought into the quadrupedal-standing position, the flexed arm then 
becomes extended, is merely a demonstration of the activity of proprio- 
ceptive and labyrinthine reflexes, which he admits must be brought into 
play in order to produce this phenomenon (extension of the arm does not 
follow mere passive flexion of the leg upon the trunk). 

Our investigation lends some support to the suggestion of Kinnier 
Wilson (1920) that the flexed arm position in man is an incomplete 
form of the decerebrate posture in animals. On the basis of our obser- 
vations in the cat, we would put it that the flexor position of the arm is 
the result of incomplete decerebration and depends on some remaining 
cortical influence. 

SUMMARY. 

(1) A fore-limb flexor position seen in cats under avertin anesthesia 
is described. 

(2) Evidence is given of the cortical nature of this flexor tone. 

3) The bearing of these observations on the human hemiplegic 


posture is discussed. 
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The Sign of Babinski. A Study of Cortical Dominance in Primates. 
By J. F. Funron and A. D. Ketier. London: Bailliére, Tindall 
and Cox. 1932. Pp. 165. Price 31s. 


Physiclogical analysis of the Babinski response has shown it to be but an 
integral part of a flexion reflex of the human lower limb, which in turn repre- 
sents the nociceptive flexion reflex of the decerebrate and spinal cat described 
by Sherrington. However, the identification has lacked completeness, since 
no very definite dorsiflexion of the digits seems to occur in this reflex as seen 
in these animal preparations. 

The investigations so fully set forth in this monograph have attempted to 
fill this gap by a series of comparative studies of the normal and pathological 
plantar responses in primates. For this purpose the authors have had at their 
disposal a continuously ascending series of animals: macacus, baboon, gibbon 
and chimpanzee. 

In macacus they have performed spinal cord transection and hemisection, 
and ablation of one or both cortical “leg areas.’ In the other members of the 
series, with the single exception of a spinal cord transection in a chimpanzee, 
they have confined their experiments to cortical ablations. 

In all their animals in a normal state, the plantar response was found to 
be either absent or of the human flexor type. No dorsiflexion response of the 
hallux was observed. After spinal cord transection in macacus, the only 
plantar response seen was plantar flexion of the four lateral toes, but thoracic 
hemisection of the cord was followed by the appearance of a homolateral 
Babinski plantar response. Ablation of the cortical representation of the leg 
failed to effect a change in the normal plantar response. Similar results were 
obtained in the baboon, with the exception that ablation of the cortical “ leg 
area’ was followed on plantar stimulation by dorsiflexion and fanning of the 
four lateral toes, the hallux remaining inactive. 

In a gibbon, ablation of one cortical “ leg area’’ was followed by the 
appearance on stimulation of a typical Babinski response in the contralateral 
foot. In the chimpanzee, ablation of the “leg area’ is followed by the 
appearance of a Babinski response, which consists of dorsiflexion of the fow 
lateral toes, dorsiflexion and marked abduction of the hallux, and finally 
fanning and lateral deviation of the four lateral toes. Associated limb flexion 
is present in the earlier stages, but tends to diminish and to disappear after some 
weeks. The focus of the receptive field seems to be the skin of the plantar 
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surface of the toes, but the whole surface of the foot may be effective in favou: 
able cases. The adequate stimulus is pinching and pricking of the skin and 
pressure over the region of the malleoli. 

In addition to their observations on this reflex, the authors found that as 
the animal scale is ascended, the degree of paralysis of the affected leg aiter 
cortical ablation increases, and the extent of restoration of power diminished. 
Thus the dog can walk a few hours after ablation of its motor cortex, but in 
the chimpanzee there is profound paralysis of the affected leg and slow and 
imperfect recovery. This they attribute to increasing cortical dominance in 
the higher animals 

The authors have been fortunate in their opportunity to study this series 
of primates in this way, which made it possible for them to subject the flexion 
reflex and its digital components, and also the associated crossed plantar 
response, to a careful analysis. More might have been made of this oppor- 
tunity. Thus, they might have mapped out the receptive field, as it has been 
mapped in the cat and in the human subject; they could have determined the 
role played by stimulation of deep structures, the range of adequate stimuli 
and the full field of motor response 

With the results actually obtained, it is reasonable for the clinical 
neurologist to feel some disappointment. By adopting an unsound clinical 
basis of study, namely, by studying the reflex in terms of Oppenheim’s, 
Gordon’s and Chaddock’s signs, the study of the receptive field and of the 
stimulus have been confused, and from the medley of observations obtained no 
determination of receptive field or of range of stimuli has been possible. The 
limb flexion component of the response has not been adequately studied and 
the crossed plantar response has escaped investigation altogether. In the 
case of the apes we still lack, therefore, that finished analysis of the flexion 
reflex and its associated plantar response that we have long possessed in the 
case of animals so widely separated as the cat and man. 

The clinician will be struck by the statement in the opening pages of the 
monograph that no previous physiological analysis of the Babinski respons: 
has been attempted. It appears, however, that the authors intend to convey 
something wholly different; namely, that no previous experimental study 
the response in apes has been attempted. After all, the analysis of a reflex 
reaction occurring in man can be made only by the study of man, and the 
investigation of a simian reflex—however precise the experimental method of 
study—can do no more than throw light upon what happens in the ape. 

Actually, human physiological studies of the Babinski response have been 
made and the references thereto may be found in the author's bibliography 
The monograph contains a wealth of precise experimental detail and numerous 
illustrations mostly bearing upon points of technique. These will be of value 
to workers engaged in this field, and it is probably for them that the book will 


have its chief interest and importance 
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Atlas Anatomicum Cerebri Humani. By G. JELGERSMA. Scheltema 
and Holkema’s Boekhandel en Uitgevers Mij. N.V. Amsterdam. 
L932. 


This atlas consists of 108 loose plates, 43 by 32 em. in size, of photographs 
of 168 sections of the human brain and spinal cord stained by the Weigert-Pal 
method. The first 67 are in the coronal plane, then come 7 of sagittal sections 
and the remaining 31 show sections in the horizontal plane. The last three 
plates are of horizontal sections of each segment of the spinal cord. These are 
the least satisfactory part of the atlas, and compare unfavourably with Bruce's 
atlas of the spinal cord. The sections photographed are not always truly 
representative of the segment. For example, C 5 has as narrow a ventral horn 
as C4, and D12 as D1l. The sections, that is to say, are taken through the 
uppermost end of each segment and not through its centre. Further, the 
characteristic appearances of the first three sacral segments are not illustrated, 
only two sacral sections from low in the conus being reproduced. Apart from 
these three plates the illustrations are excellent and are of great value both 
for teaching and research. The technical skill both of the histological prepara- 
tions and of their reproduction by helio is of a high order. 

No descriptive text, apart from a short note on the technique employed, 
has so far been published with the atlas. 


Die Multiple Sklerose Einst und Jetz. Von R. Bina. 8. 41. Basel 
Benno Schwabe. 1932. Price 2 fr. (Swiss). 


This reprint from the Schweizerische Medizinische Wochenschrift of a 
lecture on the nature and pathogenesis of Disseminated Sclerosis will prove 
useful to those unable to study the enormous literature on this disease. The 
author reviews shortly its history and the many conceptions of its pathology 
put forward by earlier and recent writers ; he accepts, as most authorities do 
now, the view that the lesions are primarily inflammatory and the result of 
some exogenous cause, as an infection, but he emphasizes the part possibly 
played by endogenous factors. The most important contribution to our know- 
ledge which Bing presents is the result of the careful investigation undertaken 
by the Public Health Authorities and the Swiss Neurological Society on th« 
distribution of the disease in Switzerland; this brings out many facts on the 
possible influence of climate, altitude, occupation and social standing, as well 
as on the age of onset and familial incidence, which cannot be neglected in any 


future study of the disease. 


Syndromes acromégaliques au Cours de Tumeurs intracraniennes non 


hypophysaires. Par P. Purcn. Pp. 39. Paris: C. Serre. 1933 


Two cases of meningiomas of the lesser wing of the sphenoid are described 
in patients with symptoms of acromegaly, but it must be admitted that in 
neither were the latter pronounced. The-patients died after operations and in 
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their pituitary bodies small acidophil adenomata were found. In one case the 
pituitary was compressed by a prolongation of the tumour, but in the other it 
was not affected. Reference is also made to a case of glioma of the chiasma 
surviving thirteen years after the onset), in which also signs of acromegaly 
were present. The association of acromegaly with tumours which do not 
involve the hypophysis is not regarded as a coincidence, but no adequate 
explanation of the association is offered. The literature on the subject is not 
adequately examined and the monograph is worthy of note only for the records 


it contains. 


Papers relating to the Pituitary Body, Hypothalamus and Para- 
sympathetic Nervous System. By Harvey Cusuine. Pp. 234. 
Springfield and Baltimore: C.C. Thomas. 1932. Price 5 dollars. 


Four separate papers dealing with disorders of the pituitary body and allied 
conditions which have been already published during the last three years, have 
been reprinted by the author in this volume. Few changes of importance have 
been made in the text, but the inclusion of further cases of basophil adenomas, 
and the addition of new observations to the lecture on the posterior pituitary 
hormone and the parasympathetic apparatus, help to complete the original 
articles. 

As some of these papers have been published in journals not easily 
accessible, their collection into this volume is welcome and increases our debt 
to their distinguished author. 


Le Traitement actuel de la Paralysie générale. Par P. Mouuarer. 
Paris: J. B. Bailliére et fils Pp. 68 1932. Price 8 fr. 


The various methods for which good results have been claimed in the 
treatment of general paralysis are discussed in this short volume, but in 
practice two only are considered nowadays, infection with malaria and intra- 
muscular injections of stovarsol and malaria have given the best results and 
should be preferred. 

The author adds nothing new to our knowledge of the treatment of general 
paralysis, but his descriptions of these methods may be useful to those 


inexperienced in their use. 
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